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Jackpile-Paguare Uranium A1ine 
Record q( Decision Compliance Assessment 

Post-Reclamation Soil.)' Anaz)'Sis and 
__ . ___________ .m._._._~ _____ l-!er{l~ Al.tw.l..!!J.2dJSf..uiiol7uC/ide Uplq!-;g. in Veg-etation Analysis 

Conclusions 

Based on this vegetation uptake review, the following conclusions can be drawn: 

1. The Jackpile Reclamation Project vegetation uptake-monitoring program deviated 
from the requirement of the ROD in that heavy metals and radionuclides were not 
measured for ten consecutive years aftcr reclamation was completed. 

2. Vegetation had low levels of metal and radiolluclicie uptake based on sampling 
and laboratory analysis. However, it should be noted that the uptake data 
collected was poorly documented and not analyzed or checked for concentrations 
or trends. 

3. Vegetation growing on the reclaimed mine presents a minimal potential for 
hazards to domestic livestock or human health due to the low or normal 
concentrations of metals and radionuclides. 

4. 'fhere is a semi-permanent surface water feature in the North Paguate pit. This 
area was not sampled for vegetation uptake. The vegetation around that pit 
should be monitored to determine if it is consistent with the vegetation uptake in 
the dry areas. 

HecommcndatiollS 

1. Vegetation on the reclaimed mine app('ars to be stahle and should not require 
further general testing or monitoring for heavy metals or radionuclides, with the 
exception of the area ncar the North Paguate surface water feature. 

2. The reclaimed mine can be released from the vegetation monitoring requirements 
and should not require future monitoring. 

3. Based on this vegetation uptake evaluation, post-reclamation land uses can be 
initiated. 

4. It is possible that some additional specific vegetation analysis may be required 
based on a future surface water sampling program. 

5.0 Data Condition 

An evaluation of the soils monitoring data and vegetation uptake monitoring data IS 

presented in Tables 5-1 and 5-2, respectively. 

Table 5-1 
Evalnation of Soils Monitoring Data 

---_._--_ .... _---------,._------_.-
Positives N{~gatives 

• Reports were clear and eoncise, and • Soil depths were not consistently measured-
presented adequate detail. across the mine sites. 

• Survey and analytical methods were • Soil suitability was not measured 
adequately explained. immediately prior to seeding. 

• RCPOlis were eonsi sten t for to':Jp:.:s:.:;o.:.i I:... ____ .....J_. __ S,,,' o=i l..cp:.:a::.ra:::Jc;l1-:::c.::te::r::..s ..:.r",eg:cl:.:J i:.:re",'::,I.:.:bd,y...:t",h",e-,:r",o!::.S,-w=e.::re,-_-" 
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• 
suitability for revegetation 

Jackpile-Paguote Uranium lvline 
Record of Decision Compliance Assessment 

Post-Reclamation Soils Analysis and 
.. __ JieavJ'-./):jetal and..E_wliol7l1c1ide Uptake in Vegetation Ana/vsis 

Depths of topsoil and overburden placed 
averaged just below the required depth due 
to settling. 

not analyzed until reclamation was 
complete. 

Q There \:vas no discussion Of evaluation of 
the soil data for suitability based on heavy 
metals or radionuelides. 

• The required monitoring of salt build-up 
_was nOlE~rformed .. __ . _______ . .J 

Table 5-2 
Evaluation ofVegetatioll Uptake Monitoring Data 

Positives .. __ ---.-.. -~=J_~~g~~~~~~-----.----... ---c----. 
• All heavy metals and radionllclic!es were 1. Recommendations for which metals to 

sampled during each (ime period. I analyzed were not followed. 
• Sampling and laboratory analytical methods • Vegetation was not sampled for the 10-year 

were adequately explained. period required by the EIS. 
• The early monitoring plan and soils • Data collected was not analyzed for trends 

investigation report were well written and to determine which constituents should be 
consistent. continually monitored . 

• Data was in a poorly tabulated form and not 
, __ c-,-he_ck-,,~_t"!:.accurae)',--. __ _ 

The review and analysis of the ycgetation uptake data was difficult due to the poorly 
organized and presented data sheets, which had no periodic evaluation. An early 
sampling in 1997 or 1998 could have resulted in no need to sample for several of the 
metals as suggested by Munk and Boden (1997). An evaluation of the first three 
sampling periods in 2001, 2003, and 2005 would have shown tbat sampling for any 
metals or radionucJides in 2006 may not have been necessary. 
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1.0 INTRODUCTION 

Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Oualitv Data Review 

The following presents a review of the post-reclamation water quality monitoring and 
data for the Jackpile-Paguate Uranium Mine located on the Laguna Indian Reservation, 
Cibola County, New Mexico (see Figure I-I). Please note that this analysis was prepared 
in the Fall of 2006, prior to receipt of the 2006 and 2007 water quality data and prior to 
the installation and sampling of two wells in the Jackpile Pit. Please see the attached 
addendum for these data analyses. 

The objectives of this report are to: 
I) Determine if the post-reclamation water quality monitoring has met the 

requirements as defined in the Jackpile-Paguate Reclamation Project 
Environmental Impact Statement (DOll, 1986) and the associated Record of 
Decision (ROD) (DOh, 1986). 

2) Examine the water quality data collected as to its validity and its applicability in 
assessing long-term risks to people and the environment. 

3) Define contaminants of concern and trends of these data. 
4) Make recommendations as to future monitoring programs and steps that should 

be taken to ensure the health and safety of nearby residents. 

The following presents a brief overview of the hydrology of the site and importance of 
the overall water quality monitoring program, as well as addressing each of the objectives 
outlined above. 

2.0 BACKGROUND 

The Jackpile-Paguate Uranium Mine was operated between 1953 and 1980. The mine 
consisted of three open pits (the Jackpile, North Paguate, and South Paguate) and a series 
of underground workings. The pits were between 200 and 300 feet deep with the mine 
and associated facilities within a 7,868 lease area, of which approximately 3,140 acres of 
land was reclaimed. A little less that 113 of this disturbed acreage was reclaimed prior to 
1980 by the Anaconda Copper Company, which operated the mine. 

In December 1986, under a series of agreements between the Bureau of Indian Affairs 
and the Pueblo of Laguna, it was agreed that the Pueblo of Laguna would perform the 
management, coordination and administration of the Jackpile-Paguate Reclamation 
Project in accordance with the requirements set forth in the Jackpile-Paguate Reclamation 
Project Environmental Impact Statement (DOll, 1986) and the associated Record of 
Decision (ROD) (DOh, 1986). This project involved the reclamation of the three open 
pits, 32 waste dumps, 23 protore (sub-grade ore) stockpiles, four topsoil stockpiles, as 
well as roads and buildings on the remaining 2,656 acres of disturbed land. As defined in 
the ROD, the objectives of the reclamation are: 

I) To ensure human health and safety. 
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Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Qualifv Data Review 

2) To reduce the release of radioactive clements and radionuclei to as low as 
reasonably achievable. 

3) To ensure the integrity of all existing cultural, religious and archeological sites. 
4) To return the vegetative cover to a productive condition compatible with the 

surrounding area. 
5) Provide for additional land uses that are compatible with other reclamation 

objectives and that are desired by the Pueblo of Laguna. 
6) Eliminate the need for post-reclamation maintenance. 
7) Blend the visual characteristics of the mines with the surrounding terrain. 
8) Employ the Pueblo of Laguna people in efforts that afford them opportunities to 

utilize the skills or train them as appropriate. 

An impoliant aspect of the EIS and the ROD is gaining a thorough understanding of the 
hydrogeology and surface water hydrology of the site. Much has been written about the 
hydrology of the site. Dames and Moore (1980), Hydro Geo Chem (1982), Zehner 
(1985), and others have presented detailed descriptions of the aquifers and surface water 
drainages at the mine site. It is suggested that the reader review the EIS for additional 
information of the overall hydrology of the site. This information was utilized to develop 
an environmental monitoring plan for the Pueblo of Laguna (Jacobs Engineering Group 
Inc., 1989). This monitoring plan, which will be discussed later in more detail, covered 
the monitoring of groundwater in the Jackpile Sandstone which is the principle aquifer 
underlying the site, the alluvium, and the fill in the pits as well as the surface waters in 
the Rio Moquino and Rio Paguate which receive runoff from the site. 

3.0 MEETING THE REQUIREMENTS OF THE ROD AND EIS 

As mentioned earlier, one of the objectives of this report is to determine if the post­
reclamation has met the water quality monitoring requirements of the EIS and the ROD. 
In Table 1-5 (Summary of Proposed Monitoring Programs) of the EIS for the Preferred 
Alternative it was suggested that the following water quality monitoring program be 
implemented, which is presented in Table 3-1. 
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Table 3-1 

Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Quahtv Data Review 

Proposed Water Quality Monitoring as Presented in the EIS (DOl], 1986) 

He-m ~osed Water Quality Monitoring for Proposed Alternative __ 
~, of Stations 7 __ 

Parameters Group A: pH, EC, temperature, Bicarbonate 
Chloride. Sulfate, Sodium, Silicon dioxide, Magnesium, 
Nitrate, Manganese, Iron, Uranium (natural) and Radium 
226 Group B: Same as Group A \\lith Arsenic, BOI'ol1, 

Surface 'Vater Quality Barium, Cadmium, cyanide, Cobalt, Chromium, Copper, 
Fluoride, Mercury, Molybdenum, Nitrogen, Lead, 
Phosphate, Selenium, Vanadium, Zinc, and Ra228 

--K~~~~.,!ncy Quarterly for Gr~~ A '!.nd Semi-annually for Group B 
Duration During reclamation and 10 veal's thereafter. 
Number of Wells 17 
Parameters Group A: pH, EC, temperature, Bicarbonate 

Chloride. Sulfate, Sodiulll, Silicon dioxide, Magnesium, 
Nitrate, Manganese, Iron, Uranium (natural) and Radium 
226 Group 13: Same as Group A with Arsenic, Boron, 

Groundwater Barium, Cadmium, cyanide, Cobalt, Chromium, Copper, 
Fluoride, Mercury, Molybdenum, Nitrogen, Lead, 
Phosphate, Selenium, Vanadium, Zinc, and Ra228 
Plus water levels 

Frequency Semi-annually n·o Group J:. and Annuall~Jor Group l~ 

'---. Duration During reclamation and 10 l:ears thereafter 

In the ROD (DOh, 1986), monitoring requirements were stated as follows: 

"The monitoring period will vwy for each parameter. Existing monitoring activities to 
be continued will include: meteorologic sampling, air parliculate sampling, radon 
sampling (ambient) ......... water monitoring and subsidence. The monitoring program 
will be expanded to include: radon daughter levels (working leveLs) in any remaining 
workings and ground water recover levels/salt build-up in the open pits. The ground 
water monitoring period will be of sufficient duration to determine the stable future water 
table conditions. Refer to Table 1-5 of the FE1S for details of the monitoring plan as 
described under the Preferred Alternative. " 

The following presents the proposed and applied water quality monitoring programs for 
groundwater and surface water. 

3.1 Groundwater 

In the Final Approved Environmental Monitoring Plan (Jacobs Engineering Group Inc., 
1989), the monitoring program proposed in the £IS was somewhat modified. For 
groundwater, it was recognized that the potential for groundwater contrmination is one of 
the "most sensitive" issues to the public. Based on groundwater studies by numerous 
consultants, it was determined that contaminated water has not migrated offsite and that 
the open pits act as groundwater sinks, and potential for groundwater to move offsite 
would not occur for some time. In this plan, it was recommended that five wells be 
completed in the Jackpile Sandstone, four wells in the alluvium, six wells in the pit 
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backfill and two additional locations to be selected_ Table 3-2 presents the Jacobs 
Environmental Monitoring Plan preferred locations of these wells. With the initiation of 
monitoring, a total of eight wells were completed with four wells in the Jackpile 
Sandstone, four wells in the alluvium, and four wells in fIll material. Details for these 
wells are presented in Table 3-3 and illustrated in Figure 3-1. Fewer wells were installed 
than proposed in the Jacobs Environmental Monitoring Plan and the upgradient well for 
the SP Pit area (MW-8) collapsed in 1991 and was never replaced. The actual monitoring 
program is deficient in that it lacks two wells in the Pit and lacks a well downgradient of 
the Jackpile Pit in the Jackpile Sandstone formation. One of the two downgradient wells, 
MW-2 or MW6, was supposed to be placed in the Jackpile Sandstone formation, 
however, both are in the alluvium. Reportedly, the Jackpile Sandstone is not present at 
the downgradient boundary. 

Table 3-2 
Proposed Wells Locations in the Environmental 

Monitoring Plan (Jacobs Engineering Group, 1989) 

-

Location Formation for Completion 
- -------

GROUPA 
Southwest of South Paguate Pit (background well) JackpiJe Sandstone 
North of North Paguate Pit (background well) Jackpilc Sandstone 
NortlHlorthcast of Jackpilc Pit (background well) Jackpilc Sandstone 
North of the Rio Paguate and west of the Rio Moquino near the confluence Alluvium 
South of the Rio Paguate and north of the South Paguate Pit Alluvium 
South oflhc Jackpile Pit offices and east of tile Rio Paguate Alluvium 
In Oak Canyon adjacent to the designated site boundary Jackpile Sandstone 
Near the Intersection of tile south end of the designated site boundary and the Rio 
Paguate Jackpije Sandstone 
Ncar the intersection of the south end of the designated site boundary and the Rio 
Paguate Alluvium 
GROUPB 
In the North Paguate Pit artcr backfilling Fill 
In the North Paguate Pit after backfilling, west thumb Fill 
In the South Paguate Pit aIler backfilling, SP-20 pit Fill 
In the main South Paguate Pit after backfilling Fill 
In the c~ntraJ . ..£.Qrtion or tile Jackrile Pit after backfilling (2 wells) Fill 
GROUpe 
Two location to be selected b~ the Pueblo of~~u!u1 and Department of ~nteriorl 
1 Morc wells may be required if the migration of contaminated groundwater off the 
site is detected b)~~_prOposed monitoring wells. 
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____________________ ~W~a~te~I'~Q~'~/a"'li~ataReview 

Table 3-3 
Groundwater Monitoring Well Locations and Completion Information 

Location Total 
Well Numbcr 

Northing Easting 
Depth Dcscription Formation 

. (it) 

1--- MW-I 1506790 639458 231 North ofN. Paguate Pi~ ... Jackpiie SS 
Near the Intersection of the 

MW-2 1500707 648932 40 
south end of the designated 

Alluvium 
site boundmy and the Rio 

1-------- Paguate 
South of the Jackpile Pit 

MW-3 1504131 643052 60 offices and east of the Rio Alluvium 
Paguate 
South of the Rio Paguate and 

MW-4 1503734 639392 50 north of the South Paguate Alluvium 
Pit -._. 
In Oak Canyon adjacent to 

MW-5 1494714 648687 262 
the designated site boundary 

Jackpilc SS 

Near the intersection of the 

MW-6 1495801 650527 60 
south end of the designated 

Alluvium 
site boundary and the Rio 
Paguate .-
NOJth of the Rio Paguate and 

MW-7 1511275 647255 375 west of the Rio Moquino Jackpilc SS 
near the confluence -
Southwest of South Paguate 

MW-8 1500945 633094 456 
Pit (collapsed) 

Jackpi]e SS 

SP-OP-34 1500641 637929 na 
In the South Paguate Pit after 

Backfill 
backfilli,%.SP-20 pit 

SP-OP-35 1501033 634954 na 
In the main South Paguate 

Backfill 
Pit after backfilling 

-"--~ 

In the Norlh Paguate Pit after 
NP-OP20W 1504824 638746 na backfilling, west thumb Backfill 

In the North Paguate Pit after 
NP-OP20E 1505123 641582 na backfilling Backfill 

.. -- --

In the Environmental Monitoring Plan, it was recommended that groundwater samples be 
analyzed for the following parameters: 

• Water Levels • Vanadium 

• pH • Selenium 

• Specific Conductivity • Uranium (Total) 

• Temperature • Gross Alpha 

• Total Dissolved Solids • Lead-2l0 

• Sulfate • Polouium-210 

• Molybdenum • Radium-226 
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Analysis of the following parameters, on a one time basis after reclamation is completed, 
was also recommended. 

• Bicarbonate • Cadmium 

• Chloride • Cyanide 

• Calcium • Chromium 

• Sodium • Fluoride 

• Sodium • Mercury 

• Silicon dioxide • Lead 

• Magnesium • Phosphorus 

• Nitrates • Potassium 

• Nitrite • Selenium 

• Manganese • Silver 

• Arsenic • Zinc 

• Barium 

In addition, on a one time basis after reclamation had been completed, organic substances 
including halogenated volatile organics (EPA Method 601), aromatic Volatile organics 
(EPA Method 602) and base/neutral, acid extractables, and pesticides (EPA Method 625) 
were to be analyzed. 

Final groundwater monitoring between 1989 and 1994 consisted of semi-annual 
monitoring of each of the monitoring wells with the exception MW -8, which collapsed 
and was abandoned. Samples were taken in April/May and in November/December. The 
parameter list consisted of both sets of parameters recommended by the Environmental 
Monitoring Plan. During post-reclamation (1995 - present), monitoring consisted of 
annual sampling of MW-l through MW-7 and the four pit wells for the same list of 
parameters. Sampling took place during April/May of each year. At the time of this 
review, water level information was only available on a semiannual basis between May 
1992 and November 1994. 

3.2 Surface Water 

According to the Environmental Monitoring Plan (Jacobs Engineering Group, 1989), 
surface water studies by consultants for various organizations indicate that the mine site 
does not appreciably contribute to contamination of the Rio Moquino and the Rio 
Paguate. According to the plan, surface water samples were to be taken quarterly at each 
of the seven stations listed in Table 3-4. 
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Table 3-4 
Proposed Surface Water Monitoring Locations 

in the Environmental Monitoring Plan 

Locatio"'n,-O-:----:-_____ j 
Upstream on the Rio Moquino 
Rio Moquino above the confluence 
Upstream on the Rio Paguate 
Rio Paguate above the confluence 
Rio Paguate below the confluence 
Rio Paguate - Ford Crossing 
Each maj Or pond in the __ '!l'.::elccl =it,,-s __ -' 

Samples taken from these sites were to be analyzed for total dissolved solids, gross alpha, 
and radium-226. Semi-annual samples were to be taken at each of the stations and 
analyzed for following parameters: 

• pH • Arsenic 

• Specific Conductivity • Selenium 
• Temperature • Uranium (Total) 
• Total Dissolved Solids • Gross Alpha 
• Sulfate • Lead-210 
• Molybdenum • Polouium-210 
• Vanadium • Radi Ul11-226 

with the following parameters on a one time basis after reclamation is completed. 

• Bicarbonate • Cadmium 
• Chloride • Cyanide 
• Calcium • Chromium 
• Sodium • Fluoride 
• Silicon dioxide • Mercury 
• Magnesium • Lead 
• Nitrates • Phosphorus 
• Nitrite • Potassium 
• Manganese • Selenium 
• Arsenic • Silver 
• Barium • Zinc 

With the initiation of monitoring, a total of seven surface water stations were monitored. 
These stations are listed in Table 3-5 and presented in Figure 3-1 and correspond with the 
six river sampling sites presented in the Environmental Monitoring Plan, plus th~ 
monitoring of Paguate Reservoir. The Jacobs Environmental Monitoring Plan required 
monitoring major ponded water in the open pits. This was not done. Surface water 
samples were analyzed for both sets of parameters recommended by the Jacobs 
Environmental Monitoring Plan on a semi-annual basis 111 April/May and 

OA Systerns Corporation 7 November 2006/ Updated June 2007 



05000191

Jackpile-Paguate Uranhun Mine 
Record of Decision Compliance Assessment 

Water Quality Data Review 

November/December between 1989 and 1994 and annually in April/May between 1995 
and present. 

Table 3-5 
Existing Surface Water Sampling Locations 

Station 
RT 
URP 
LRP 
URM 
LRM 
PM 
LAKE ~_ J 

4.0 RESULTS 

Location 
Rio Paguate - Ford Crossing - Rail Trestle 
Upper Rio Paguate - Upstream 
Lower Rio Paguate above the confluence 
Upper Rio Moquino 
Lower Rio Moquino 
Rio Paguate below the confluence 
Paguate Reservoir 

As part of this review, data was evaluated for the ten-year monitoring period between 
1996 and 2006. These analyses were completed by Hall, Assagai, or American Radiation 
Services. At the time of this report, complete analyses were not available for 2006. 
These results are presented in detail in Appendix A of the Water Quality Report. 
Highlighted in these data tables are those parameters which equal or exceed USEP A's 
(2002) Maximum Contaminate Levels (MCL) in light blue and National Secondary 
Water Quality Levels (NSWQL) in light gray. These exceedances will be discussed in 
Section 5 of this report. As part of the review process, the data were summarized in 
terms of count, mean, maximum, minimum, and median. An example of this data 
reduction is presented in Table 4-1. These results are also presented in Appendix A. 
Analytical methods used are summarized in Appendix B. 

In addition to the field parameters, major cations and anions, nutrients, and trace metals, 
radionuclides and radioactive emissions were also analyzed. Radionuclides contain 
unstable nuclei and are said to be radioactive. This instability is manifested as the 
potential to decay or fall into a lower energy state by releasing principally either alpha or 
beta particles, or gamma rays. An alpha particle is defined as a positively charged 
particle consisting of two protons and two neutrons. A beta particle is either a negatively 
charged negatronlelectron or a positively charged particle (positron). Gamma rays are 
high energy, short-wavelength electromagnetic radiation. Radioactive emissions are 
measured by an activity unit called a Curie (Ci), representing 3. 7x I 0 I 0 disintegrations 
per second. 
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Example of Reduced Data Table as Presented in Appendix A 

GROUNDWATER MW-J 

Analyte Units Number Mean Maximum Minimum Median 
--
'O~~ sample temperature (cit dev C 
:'§ ~ 5 Conductivity umhos/em 10 1938 2200 1060 2015 
'-L.~E 

pH units 10 7.918 8.2 7.2 7.995 

Total Dissolved Solids mg/L 10 1256.8 1400 719 1300 

Alkalinity, Bjearbona~e mglL 10 497.7 576 451 +_. 493.5 

" 
Alkalinity, Carbonate mglL 10 2.82 6.2 2 2 

" mglL 0 ~!.1ity, Total 9 501 576 451 __ 498 '2 
< 
~ ~.~ide mglL 10 15.14 16.6 13.7 15.2 
c 

" Sulfate rng/L 9 529 602 469 514 
~ 

" 0 
S~ciun"l.!_dissolved mglL 10 12.5 61.3 5.2 6.8 .~ 

u Maf!llesJum, dissolved mglL 10 5.8 39.2 1.8 2.2 :s 
mglL .'" J:?tassium, dissolved 10 2.4 3.3 L9 2.2 

" Sodium, dissolved ~_L ___ 10 520.3 889.0 423.0 486.0 

Silica mglL 3 4.9 5.4 f-------4.7 4.7 ._-----
Silica, as Si02 mglL 7 8.92 10.5 6.93 9 

'" Nitrate, as N 
" ~~- 10 0.53 1.06 0.05 0.53 
.g 

Nitrite. as N mglL 10 0.15 0.9 . ______ O_~ _ ___ Jl~ 
'5 .... 

Z Orthophose!late, as P mglL 10 0.23 0.5 0.05 0.05 --
Arsenic, dissolved mglL 10 0.00071 0.0012 0.0005 0.0006 

Barium, dissolved mglL 10 0.01144 0.0214 0.0095 0.01015 

Cadmium, dissolved mglL 10 0.0005 0.0005 0.0005 0.0005 

Chromium, dissolved mglL 10 0.0012 0.003 0.001 0.001 
----~-.-. 

-_. 
Cyanide, Total .. mglL 10 0.01 0.01 0.01 0.01 

mglL Fluoride 10 2.322 2.66 2.02 2.4 

3 Lead, dissolved mglL 10 0.0065 0.0600 0.0005 0.0005 u ------- f--;>: 
Lead-210 "Ci/L 3 1.~506667 3,29 0.082 0.38 u f----u 

mglL ~ _~anese, dissolved 10 0.07492 0.721 0.0005 0.00315 
f-

Mercury - ugiL 10 0.0202 0.2 0.0002 0.0002 

Molybdenum, dissolved mglL 10 0.006 0.009 0.002 0.006 

~~nium, dissolved mglL 10 0.0031 0.0080 0.0005 0.0028 

Silver, dissolved mglL 10 0.0005 0.0005 0.0005 0.0005 

Vanadium, dissolved mgfL 10 0.0011 0.002 0.001 0.001 

Zinc, dissolved mglL 10 0.02501 0.1 0.005 0.00705 

For drinking water, the common representation of activity is the Pico Curie (pCi), equal 
to 10-12 Ci. Parameter analyzed in water samples included: 

1 
• Gross alpha 

• Gross beta 
• Radium-226 

• Lead-210 
• Polonium-210 
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Jackpile~Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Quality Data Review 

For these parameters a range is presented as +1-, this range basically represents 
background radiation or potential error within the 95-percentile. A negative value 
indicates that background is higher than the radiation emitted. Although important, when 
evaluating radionuclides and emissions, the error is ignored. Exceedances to standards 
are based on the determined value or concentration with negative values being neglected. 

5.0 DISCUSSION OF RESULTS 

5.1 Data Condition 

As mentioned earlier, data were evaluated for the last 10 years - 1997 through 2006. It 
should be noted that there are complete data sets for years prior to 1997 but these ten 
years were considered the most appropriate for this evaluation. In the evaluation of these 
data sets, there were both positive and negative aspects as presented in Table 5-1. 
Overall, there appears to have been no effort to evaluate the data over the last ten years. 
Data was not organized, laboratory QC/QA was not analyzed, trends were not evaluated, 
and conclusions were not drawn as to the potential hazards groundwater or surface water 
posed to human health and the environment. 

Table 5-2 
Evaluation of Post Reclamation Water Quality Data 

--

Positives Negatives 

• Lab sheets were clear. • Data was disorganized. 
• Analytical methods were explained. • No effort was made by the laboratory or 
• Duplicate samples and QA/QC samples Reclamation Project to perform standard 

were identified quality control and quality assurance 
• Detection limits were for the most part processes. 

satisfactory • Data transfer to logical tables as presented 
• With a few exceptions, all parameters as in Appendix A was sometimes difficult and 

suggested by the Environmental time consuming. 
Monitoring Program were analyzed for • It appears that no effort was made by the 
each year Reclamation project to review the data on 

• Samples were collected consistently during an annual basis to evaluate trends and 
the months of April and May for each year concerns. 

• No Water quality standards were defined in 
the ROD, Monitoring Plan or ElS. 

e No wells were installed in the Jackpile Pit. 
• Ponded water in open pits was not 

sampled. 
• No well in the Jaekpile Sandstone 

formation near the downgradient boundary. 
• Water Table Elevation Data were not 

available. 
• Flow, although not required by the ROD 

would be helpful in understanding the 
surface water flow system. 
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5.2 Water Characteristics 

5.2.1 Groundwater 

Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Qualitv Data Review 

Hydro Geo Chem, Inc. did a complete evaluation of the hydrochemistry of the J ackpile­
Paguate Mine in 1982. In their report, they concluded that groundwater at the mine site 
shows a chemical evolution from a calcium-sulfate to a sodium sulfate type. This is 
attributed to cation exchange along the groundwater flow path from the Zuni Uplift to the 
Pueblo of Laguna area. When the water enters the Rio Puerco Fault Zone it mixes with 
more saline waters upwelling from the Permian rocks. Zehner (1985) also evaluated 
groundwater at the mine site in 1985. His analysis indicated that well water that was in 
direct contact with clay and shale are dominated by sodium cations and 
bicarbonate/sulfate anions, whereas water from wells completed in more oxidized clay 
and shale are predominated by sodium - sulfate waters. Wells at the time of the Zehner 
(1985) study ranged in total dissolved solids between 900 and 1,500 mg/L. 

Evaluation of groundwater quality data from the 2005 sampling (the last full set of data at 
the site) indicates that groundwater has evolved over time with sulfate in most cases 
being the predominate anion but with sodium being the predominate cation in pit wells 
(NPOP20E, SPOP-34, and SP01'-35) and in well water from MW-l, MW-5, and MW-7 
which are completed in the Jackpile Sandstone. Wells completed in alluvium range from 
calcium-sulfate type water (MW-4) to calcium-bicarbonate water (MW-3) to 
magnesium--sulfate water in MW-6. These data are summarized in Table 5-1 and 
presented in Figure 5-1, which is a Piper Diagram illustrating the chemical analyses of 
water as percentages of total equivalent per liter. Total dissolved solids are also higher 
ranging between 671 mg/L (MW-3) and 8080 mg/L (NPOP20E). 

Table 5-3 
2005 Groundwater Quality (Major Cation aud Anion) Summary 

Well Total Dissolved 
Water Type 

Number 
Aquifer 

Solids (mglL) Predominant Cation 
Predominant 

Anion 
MW-I Jackpile SS 719 Sodium Sulfate --
MW-2 Alluvium 3200 Magnesium Sulfate 
MW-3 Alluvium 671.05 Calcium Bicarbonate 
MW-4 Alluvium 1069 Calcium Sulfate 
MW-5 Jackpile SS 1359 Sodium Sulfate 
MW-6 Alluvium 2460 Magnesium Sulfate 
MW-7 Jackpile SS 665.91 Sodium Bicarbonate -= 

..l'll'OP20E Fill 5360.5 Sodium Sulfate 
NPOP20W Fill 8080 Magnesium Sulfate 
SPOP-34 Fill 1329 Sodium Sulfate 
S1'01'-35 Fill 2637 Sodium Carbonate? -
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Figure 5-1 

Jackpile-Paguate Uranium Mine 
Record oj Decision Compliance Assessment 

Water Quality Data Review 

Piper Diagram - 2005 Groundwater Jackpile-Paguate Reclamation Project 

JACKPILE RECLAMATIOI~ PROJECT 

MAY-2005;jr,~;;mtM_, 

0. 0 0. 
0. & ~ 0 

0 "-0 ~ N N " , , 

(P€<11s Per Million) 

M9 

V/L\7;;Jjwxx7_\_~,~;,~,~w, J~~~~~~[2r~ 
c:-,-'---'--",:!:-'--'"'---~ro-~'-----'--"---:w~=---:m:---"-·/--'i:;:·,~!,~~l HC03""CO 3 Zl 10 __ .,. ru &l CI 

Calcium (Ca) Cilioride (el) 

CATIOhJS %meqA ANIONS 

Finally, trends in total dissolved solids in groundwater samples are quite variable_ For 
observation wells outside the pit, total dissolved solids (TDS) generally have slightly 
decreased over the last ten years during post-reclamation as depicted for samples from 
wells MW-5 and MW-6_ However, TDS in samples from alluvial wells MW-2 and MW-
4 have gradually increased in TDS over time_ These wells are located adjacent and down 
gradient fr0111 the pits_ With the exception of SPOP34, samples for wells completed in 
fill material in the pits show a downward TDS trend_ TDS hevels in samples from 
SPOP34 are slightly increasing_ 
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Figure 5-2 

Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Quality Data Review 

Post Reclamation TDS Trends for Jackpile Paguate Observation Wclls 1997 - 2006 
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Figure 5-3 
Post Reclamation TDS Trcnds for Jackpilc-Paguate Pit Wells - 1997 - 2006 
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5,2,2 Surface Water 

Zelmer (1985) concluded that the Rio Moquino contains greater concentrations of 
dissolved solids than does the Rio Paguate, The mean dissolved solids concentrations at 
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lackpile-Paguate Uranium A1ine 
Record of Decision Compliance Assessrnent 

Water Ouality Data Review 

the time of the Zehner study in the Rio Moquino range from 1,600 mg/L upstream from 
the mine area to 1,900 mg/L just upstream from its confluence with the Rio Paguate. In 
the Rio Paguate the total dissolved solids increased to about 2,000 mg/L. The Rio 
Moquino contained calcium, magnesium, and sodium concentrations in nearly equal 
proportions and sulfate concentrations greater than bicarbonate or chloride. 

Again, looking at the last full set of data from 2005 as illustrated in the Piper Diagram 
(Figure 5-4), there appears to be three types of water. Water samples from the Rio 
Paguate upstream from the mine (URP) and above the confluence (LRP) are calcium­
magnesium-bicarbonate waters. Water samples from the Rio Moquino (URM, LRM) and 
at sampling stations on Rio Paguate below the confluence (PM) and at Ford Crossing 
(RT) are slightly more sodium rich with sulfate being the predominate anion. 

Figure 5-4 
Piper Diagmm for 2005 Surface Water Samples 

JACKPILE RECLAMATION PROJECT 
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Total dissolved solids are somewhat higher than those reported by Zehner (1985) with 
TDS concentrations for the Rio Moquino ranging between 2,350 (URM) to 2,960 (LRM) 
and for the Rio Paguate concentrations ranging between 735 mg/L at URP to 2,110 below 
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Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Oualit)! Data Review 

the confluence at station PM. In general, total dissolved solid concentrations appear to be 
cyclical in nature over the last 10 sampling periods for both the Rio Paguate (Figure 5-5) 
and the Rio Moquino (Figure 5-6). There does appear to have been a general decrease in 
total dissolved concentrations at all stations except Station URP upstream from the mine. 
Without flow data it is unceliain at this time as to dilution affects on these long term 
trends. 

Figure 5-5 
Post Reclamation TDS Trends for the Rio Paguate - 1997 - 2006 
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Figure 5-6 
Post Reclamation TDS Trends for the Rio Moquino - 1997- 2006 
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5.3 Potential Hazards 

5.3.1 Drinking Water 

Jackpile-Paguate Uranium Mine 
Record of DecL\'ion Compliance Assessment 

Water Quality Data Review 

One of the major concerns of the Record of Decision is the potential for contamination of 
surface water and groundwater, due to the mining and reclamation operation, to affect 
human health and post-reclamation land use. In 1989, a study of water quality in ponds 
in the open pits indicated that water exceeded national primary drinking water standards 
for uranium and radium, and secondary drinking water standards for total dissolved solids 
and sulfate, and could not be released into the Rio Paguate. Other studies of both 
groundwater and surface water indicated similar results. 

For this data evaluation, surface water and groundwater analyses were compared to US 
EPA Maximum Contaminant Levcls (MCL) for drinking water (Tables 5-3) and National 
Secondary Drinking Water Standards (Table 5-4). MCLs are defined by Primmy 
Drinking Water regulations pursuant to section 1412 of the Public Health Service Act, as 
amended by the Safe Drinking Water Act (Pub. L. 93-523); and related regulations 
applicable to public water systems. Secondmy Drinking Water Standards outline levels 
of aesthetic drinking water quality relative to the public acceptance of drinking water. At 
very high concentrations of these contaminants, health implications, as well as aesthetic 
degradation, may also exist. These regulations are not federally enforceable but are 
intended as guidelines. 

As mentioned earlier, concentrations of parameters which exceed either MCLs or 
NSWQS are highlighted in Appendix A with exceedances of secondmy standards in light 
gray and MCL concentrations in light blue. Based on this review, the following 
parameters are of primary concern: 

Secondary Water Quality Standards 

• Total Dissolved Solids - nearly all smnples both surface and groundwater exceed the 
Secondmy Water Quality Standard of 500 mg/L 

• Sulfate - most surface water and groundwater exceed the Secondary Water Quality 
Standard of 250 mg/L 

• Manganese - several exceedances of the secondmy standard ofO.OS mg/L during the 
10 year monitoring period for both surface water and groundwater. These included 
(number oftimes exceeded are in parentheses): MW-2 (10), MW-3 (3), MW-6 (7), 
SPOP35 (6), NPOP20W (10), NPOP20E (10), RT (2), LRM (5), LRP (6), PM (7), 
ANDURP (8). 

• pH - Two samples were non-compliant, one from URM and the other from SPOP34. 
~ 

Primary Water Quality Standards (Maximum Coutaminant Limits) 

• Fluoride - Concentrations exceeding 4 mg/L were found in all samples taken from 
MW-l, an upgradient well. 

• Lead - One excursion of the standard of 0.015 mg/L of was found in MW-l 
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Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Quality Data Review 

• Arsenic - One sample from MW-4 exceeded the standard of 0.01 mg/L. 
• Gross Alpha - Several samples exceeded 15 pCi/L. These included (number of times 

exceeded are in parentheses): MW-I (I), MW-2 (9), MW-3 (6), MW-4 (9), MW-5 
(3), MW-6 (8), MW-7 (4), SPOP35 (9), SPOP34 (9), NPOP20W (9), NPOP20E (9). 
Of primary concern are samples taken from pit wells which ranged between 8,966 to 
over 67,000 pCi/L ofNPOP20E, 280.7 to 707.71 pCilL for NPOP20W, 1,022 to 
54,000 pCi/L for SPOP35, and 55.59 to 1,430 pCi/L to SPOP35. 

• Uranium- Like Gross Alpha, numerous samples exceeded the MCL of 0.03 mg/L. 
These included (number of times exceeded are in parentheses): MW-I (1), MW-2 (9), 
MW-3 (8), MW-4 (9) MW-5 (3), MW-6 (9), MW-7 (4), RT (9), LRM (9), PM (8), 
URM (5), URP (5), Lake (2), NPOP020W (9), NPOP20E (9), SPOP34(8), and 
SPOP35(9). The Paguate Reservoir is a public recreation area used for fishing. 

• Radium 226 - Fewer samples exceeded the standard of 5 pCi/L. No surface water 
samples were above the standard. Groundwater wells exceeding the standard 
included (number of times exceeded are in parentheses): MW-I (1), MW-6 (1), MW-
7 (4), NPOP20W (1), NPOP20E (8), SPOP034 (8) and SPOP35 (8). 

Again, wells completed in fill were of most concern with samples from NPOP20E 
ranging between 23.5 and 65.69 pCi/L, SPOP034 ranging between 5 and 62 pC ilL and 
SP0P35 ranging between II and 45 pCi/L. 

Table 5-4 
National Maximum Contaminate Levels (US EPA, 2002) 

Inorganic MeL Potential Health Effects from 
Chemicals mg/L Ingestion of Water 

Sources ofContaminnnt in Drinking Water 
Contaminant 

Arsenic 0.010 Skin damage or problems with Erosion of natural deposits; runoff from orchards, rUlloff 
as of circulatory systems, and may have from glass & electronics production wastes 

01123/06 increased risk of getting cancer 

Barium 2 Increase in blood pressure Discharge of drilling wastes; discharge from metal 
refineries; erosion of natural deposits 

Cadmium 0.005 Kidney damage Corrosion of galvanized pipes; erosion of natura! 
deposits; discharge from meta! refineries; nmofffrom 
waste batteries and paints 

Chromium (total) 0.1 Allergic dermatitis Discharge from steel and pulp mills; erosion of natural 
deposits 

Copper TT; Short term exposure: Corrosion of household plumbing systems; erosion of 
Action Gastrointestinal distress Long natural deposits 

Level'" 1.3 term exposure: Liver or kidney 
damage People with Wil~on's 
Disease should consult t )elr 
personal doctor if the amount of 
copper in their water exceeds the 
action level 

Cyan i de (as free 0.2 Nerve damage or thyroid Discharge from steel/metal factories; discharge from 
cyanide) problems plastic and fertilizer factories 
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Inorganic 
MeL 

Chemicals mg/L 
Contaminant 

Fluoride 4.0 

Lead 0.015 

Mercury 0.002 
(inorganic) 

Nitrate 10 
(measured as 
Nitrogen) 

Nitrite (measured I 
as Nitrogen) 

Selenium 0.05 

Alpha particles 15 
picocllrics 
per Liter 
(pCi/L) 

Beta paJ1icJes 4 millirems 
and photon pCI' year 
emitters 

Radium 226 and 5 pC ilL 
Radium 228 
(combined) 

Uranium JO lOgiL 
as of 

12/08/03 

OA Systems Corporation 

Potentiall-Jealth Effects from 
Ingestion of Water 

Bonc diseasc (pain and tenderness 
of the bones); Children may get 
mottled teeth 

Infants and children: Delays in 
physical Or mental development; 
children could show slight deficits 
in attention span and learning 
abilities, Adults: Kidney 
problems; high blood pressure 

Kidney damage 

Infants below the age of six 
months who drink water 
containing nitrate in excess of the 
MeL could become seriously iI! 
and, if untreated, may die. 
Symptoms include shortness of 
breath and blue-baby syndrome. 

Infants below the age of six 
months who drink water 
containing nitrite in excess of the 
MeL could become seriollsly ill 
and, ifuntreatcd, may die. 
Symptoms include sh0l1ness of 
breath and blue-baby syndrome. 

Hair/fingernail Joss; circulatory 
problems 

Increased risk of callcer 

Increased risk of cancer 

Increased risk of cancer 

Increased risk of cancer, kidney 
toxicity 

18 

Jackpile-Paguate Uraniw'tI Jvfine 
Record of Decision Compliance Assessment 

Water Quality Data Review 

Sources of Contaminant in Drinking Water 

Water additive which promotes strong teeth; erosion of 
natural deposits; discharge from fertilizer and aluminum 
factories 

Corrosion of household plumbing systems; erosion of 
natural deposits 

Erosion of natural deposits; (lisci1arge from refineries 
and factories; runoff from landfills and croplands 

Runofffrom fertilizer use; !caching from septic tanks, 
sewage; erosion of natural deposits 

Runoff from fertilizer use; leaching from septic tanks, 
sewage; erosion of natural deposits 

Erosion of natura! deposits; discharge li'om mines 

Erosion of natural deposits of certain minerals that are 
radioactive and may emit a form of radiation known as 
alpha radiation 

Decay of natural and man-made deposits of cert!lin 
minerals that arc radioactive and may emit forms of 
radiation knowil as photons and beta radiation 

Erosion of natura! deposits 

Erosion of natural deposits 
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Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Quality Data Review 

Table 5-5 
National Secondary Drinking Water Standards (USEP, 2002) 

Contaminant Secondary Standard 

Aluminum 0.05 to 0.2 mglL 

Chloride 250 mglL 

Color 15 (color units) 

Copper 1.0 mglL 

Corrasivit)' noncorrosive 

Fluoride 2.0 IllgfL 

Foaming Agents 0.5 mglL 

Iron OJ mglL 

Manganese 0.05 mglL 

Odor 3 threshold odor number 

pH 6.5-S.5 

Silver O.IOmglL 

Sulfate 250 mglL 

Total Dissolved Solids 500 mglL 

Zinc 5 mglL 

5.3.2 Agriculture 

Another concern of the ROD is the potential for the build up of salts in the bottom of the 
pit. Examination of the electric conductivity (EC) and TDS data indicates that all 
samples taken (in and out of pits) present a high to very high salinity hazard for irrigation 
water according to Table 5-5. 

Table 5-6 
Salinity Hazard (USDA) 

Salinity Conductivity 
(fJmhos/cm) 

Low salinity, no detrimental <250 
~fects eXl'eeted --

Medium salinity, detrimental 250 - 750 
effects to sensitive crops 

High salinity, adverse effects on 750 - 2250 
many crops 

Very high salinity, suitable only 2250 - 5000 
for salt tolerant plants 

OA S)Jstems COlporation 19 

Dissolved solids 
(mg/L) 

<200 
_ .. -

200 - 500 

500 - 1500 
-

1500 - 3000 
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5.4 Quality Control and Quality Assurance 

Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Quality Data Review 

In the evaluation of water quality data, field and laboratory quality control and quality 
assurance measures are of primary concern. The Jackpile Project Environmental 
Monitoring Plan (Jacobs Engineering Group Inc.) goes into detail on how samples are to 
be collected in the field and how duplicate samples are to be used to ensure that the 
laboratory analyses are acceptable. For this review, it is assumed that these procedures 
were followed. Even though duplicate samples were taken, it is not apparent that these 
data were used anytime during the ten years of post reclamation monitoring to check on 
the accuracy of the lab. In addition, cation-anion balance calculations were not 
performed. These are good indicators of the validity of the laboratory data by equating 
the percentage of cations and anions in meq/L. The value should be within 5%. As a 
spot check of the data, cation-anion balances were performed for each of the samples. 
Table 5-6 presents the results of this review. 

Table 5-7 
l'ost-recIamation Sample Evaluation - Cation-Anion Balances 

Sampling 
1997 1998 1999 2000 2001 2002 

Point 

MW -1 12.8 3 1.9 3.6 7.9 10.8 ---- - -
MW-2 
~---

6 1 0.2 6.9 8.2 7.8 
MW-3 --'-'--- 1.4 18 1.4 13 13 12 
MW -4 1.2 17 10 6 11 8 
MW -5 0.8 0.8 -----.L 4 -- 8 10 
~-6 __ 1-__ 1.2_ 1.3 1.2 ---0.4' 6 6 

MW-7 4 7 3 12 0.67 11 
...?_W-RT 1.8 6.9 0.5 9 14 5 

SW-LRM 6 2.5 9.7 18 II 6.3 -----
SW-LRP 

---"-"- 1.5 2.3 6.2 7.6 9.1 36 
SW-PM 0.5 10.2 2.6 5.1 7.4 6.9 --
SW-URM---

---
1.9 0.2 1.3 5.9 10.2 6.7 r-:---
8.2 8.2 8.9 SW-URD 2.3 12.5 12.9 

SW-LAKE 2.2 9.3 
SPOPO-35 31.8 21.5 18.1 0.31 4.9 4.6 

SPOI'-34 2 6.6 3.6 9.6 5.2 7.6 
NPOP20W 61 13 6.1 1.2 8 4.3 
NPOP20E 23 52 49 2 9.8 6.4 

,--------
J:i.r'acceptable Bold > 10% cation-anion balance 

Marginal Italics > 5% and <~ 1 0% cation-anion balance 

Acceptable Regular < 5% cation-anion balance 

The results of this analysis indicate the following: 

25% Unacceptable 
33% Suspect 
42% Acceptable 

> 10% cation-anion balance 
> 5% and <= 1 0% cation-anion balance 
< 5% cation-anion balance 

2003 2004 2005 

4.9 3.7 --~ 
10.1 1 1.3 

30 2.1 3 
35 0.3 2 --
7 2 3 
3 8 1.3 

10 6 _ll... 
19 3 0.02 

14.5 3.2 5.4 
13.6 1.7 5.4 
11.3 3.8 2.1 ---

1.2 5_5 0.9 
15.9 4 6.1 -----,":--
1_8,L ~~ -~ 
4.4 5.2 34 
6.6 3.6 22 

14.9 5.6 3:£. 
4.3 3.4 2.6 
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Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Qua{;tv Data Review 

Having only 42% in the acceptable range is a point of concern for the accuracy of the 
anal yti cal data. 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

Based on this review, it is concluded that the intent of the ROD was met, but there are 
some rather large data gaps and conclusions cannot be drawn as to environmental impacts 
and long term health risks associated with the closed mine. 

1 As presented in Table 5-1 and repeated below in Table 6-1, the condition of post­
reclamation water quality data had both positives and negatives. Most 
importantly, it is apparent that over the last ten years no one appears to have taken 
responsibility for the data. Without a responsible party, it would be impossible to 
develop an understanding of the data and determine if any further corrective 
action would be required. 

• 
• 
• 

• 

• 

• 

Tablc 6-1 
Evaluation of Post Reclamation Watcl' Quality Data 

Positives Negatives 
-;:c:---;:--

Lab sheets were clear. • Data was disorganized. 
Analytical methods were explained. • The lack of standard QA/QC being 
Duplicate samplcs and QA/QC performed on the laboratory results, 
samples were identified resulted in suspect data. 
Detection limits were for the most • Data transfer to logical tables as presented 
part satisfactory in Appendix A was sometimes difficult and 
With a few exceptions, all parameters time consuming. 
were analyzed each year, as suggested • It appears that no effort was made by the 
by the Environmental Monitoring Reclamation project to review the data on 
program an annual basis to evaluate trends and 
Samples were collected consisting concerns. 
during the months of April and May • No water quality standards were defined in 
for each year the ROD, Monitoring Plan or EIS. 

• 
• 

• 

• 

No wells were installed in the lackpile Pit. 
Ponded watcr in open pits was not 
sampled. 
No well in the Jackpile Sandstone 
formation neal' the downgradient boundary. 
Water table elevation data were 
incomplete. 

• Flow, altho)1gh not required by the ROD 
would be helpful in understanding the 
surface water flow s stem. _______________________ o __ ~~. 

The four data gaps I) the depth to water measurements were reportedly recorded, but the 
record of those depths was incomplete, 2) the Jackpile pit wells were not installed until 
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2007,3) the ponded water was not sampled and analyzed until 2007, and 4) a 
downgradient boundary well in the Jackpile Sandstone was not installed (the Jackpile 
Sandstone is reportedly not present at the boundary), collectively represent a major 
deviation from the ROD and is therefore, non-compliant. 

2. Several analytes exceeded primary and secondary drinking water standards at 
most sampling stations. Parameters of concern included: 

Secondary Standal'ds 

• Total Dissolved Solids - nearly all samples, both surface and groundwater, 
exceed the secondary of 500 mg/L 

• Sulfate - like TDS - most surface water and groundwater exceed the 
secondary standard of 250 mg/L 

• Manganese - several exceedances of the secondary standard of 0.05 mg/L 
during the 10 year monitoring period for both surface water and 
groundwater. These included (no. of excursions are in parentheses): MW-
2 (10), MW-3 (3), MW-6 (7), SPOP35 (6), NPOP20W (10), NPOP20E 
(10), RT (2), LRM (5), LRP (6), PM (7), AND URI' (8). 

• pH - Two samples were in non-compliance, one from URM and the other 
from SPOP34. 

Primary Standards (MCLs) 

• 

• 
• 
• 

• 

• 

Fluoride - Concentrations exceeding 4 mg/L were found in all samples 
taken from MW-I 
Lead -- One excursion of the standard of 0.015 mg/L was found in MW-I 
Arsenic - One sample from MW-4 exceeded the standard of 0.01 mg/L 
Gross Alpha - Several samples exceeded 15 pCi/L. These included (no. 
of excursions are in parentheses): MW-I (1), MW-2 (9), MW-3 (6), MW-
4 (9), MW-5 (3), MW-6 (8), MW-7 (4), SPOP35 (9), SPOP34 (9), 
NPOP20W (9), NPOP20E (9). 

Of primary concern are samples taken from pit wells which ranged 
between 8,966 to over 67,000 pCi/L of NPOP20E, 280.7 to 707.71 pCi/L 
for NPOP20W, 1,022 to 54,000 pCi/L for SPOP35, and 55.59 to 1,430 
pCi/L to SPOP35. 
Uranium - Like Gross Alpha, numerous samples exceeded the MCL of 
0.03 mg/L These included (no. of excursions are in parentheses): MW-I 
(I), MW-2 (9), MW-3 (8), MW-4 (9) MW-5 (3), MW-6 (9), MW-7 (4), 
RT (9), LRM (9), PM (8), URM (5), URP (5), Lake (2), NPOP020W (9), 
NPOP20E (9), SPOP34(8), and SPOP35(9). 
Radium 226 - Fewer samples exceeded the standard of 5 pCi/L No 
surface water samples were above the standard. Groundwater wells 
exceeding the standard included (no. of excursions are in parentheses): 
MW-1 (1), MW-6 (1), MW-7 (4), NPOP20W (1), NPOP20E (8), 
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SPOP034 (8) and SPOP35 (8). Again, wells completed in fill were of 
most concern with samples from NPOP20E ranging between 23.5 too 
65.69 pCilL, SPOP034 ranging between 5 and 62 pCi/L and SPOP35 
ranging between II and 45 pCi/L. 

Agricultural 

• Based on the salinity results alone, the groundwater appears to be 
unsuitable for irrigation and stock watering. 

• Only 42% of the analyses had cation-anion balances within acceptable 
range. This leads to a concern on the accuracy of the laboratory. 

Based on these observations, the following recommendations can be made: 

l. Install and sample Jackpile pit wells. 

2. Install a well in the J ackpile Sandstone formation near the boundmy (near MW -6) 

3. Sample ponded water within the pits. 

4. Monitoring should continue for a least one more year. Parameters which should 
be monitored include field parameters, major cations and anions, manganese, total 
dissolved solids, arsenic, fluoride, lead, gross alpha, radium 226, and uranium 
(total). 

5. With the completion of sampling, the accuracy of the data should be evaluated. 
The laboratory should be required to perform cation-anion balances and if not 
within an acceptable range the samples should be redone. 

6. A risk assessment should be performed to determine the potential hazards and 
risks of the high levels of gross alpha, radium 226, and uranium in most samples, 
especially in the wells in fill material. 

7. The compliance boundmy needs to be defined. 

8. With both surface water and groundwater samples showing some level of 
contamination, an evaluation should be made to determine if any contaminants 
have migrated beyond the compliance boundmy. 

7. REFERENCES 

Dames & Moore, Geotechnical Consultation Sedimentation in Paguate Reservoir South 
of the Jackpi/e Mine near Laguna, New Mexico for Anaconda Copper Company, 1980. 
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ANALYTICAL METHODS 

ANALYTE TEST 

Total Dissolved Solids EPA 160.1 
Fluoride EPA 300.0 

pH EPA 150.1 
Alkalinity, Total EPA 310.1 
Alkalinity, Bica_rbonate ,-~PA 310.1 
Alkalinity, Carbonate EPA310.1 
Sulfate EPA 300.0 
Chloride EPA 300.0 
Orthophosphate, as P EPA 300.0 
Nitrate, as N EPA 300.0 
Nitrite, as N EPA 300.0 

~_onductivity EPA120.1 
----

Cyanide, Total EPA 335.2 / SM 4590 Cti~ 
Selenium, dissolved EPA 200.8 ICP-MS 

_rvl0lybdenum, dissolved EPA 200.8 ICP-MS 
Zinc, dissolved EPA 200.8 ICP-MS 
Magnesium, dissolved EPA 200.8 ICP-MS 
Calcium, dissolved EPA 200.8 ICP-MS 
Barium, dissolved EPA 200.8 ICP-MS 

~ad, dissolv~c! ______ . EPA 200.8 ICP-MS 
Manganese, dissolved EPA 200.8 ICP-MS -

_ Potas.sium, dissoJ',t~_d __ I-~PA 200.8 ICP-MS 
Chromium, dissolved EPA 200.8 ICP-MS 
Cadmium, dissolved EPA 200.8 ICP-MS 
Arsenic, dissolved EPA 200.8 ICP-MS 
Vanadium, dissolved EPA 200.8 ICP-MS 
Sodium, dissolved EPA 200.8 ICP-MS 
Silver, dissolved EPA 200.8 ICP-MS 
Silica, as Si02 EPA 200.8 ICP-MS 
Mercury -_._- EPA 245.1 CVAA -
Gross Alpha EPA 900 
Gross Beta EPA 900 
Radium-226 903,1 
Polonium-210 ASL 300 Po-01 
Total Uranium 908 --
Lead-210 ICHROM 
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1.0 INTRODUCTION 

This addendum addresses the water quality data received by OAS after the OAS Water Quality 
Data Review that was completed in the Fall 0[2006. This addendum supplements the OAS 
report "Jack pile-Paguate Uranium Mine Post-Reclamation Water Quality Review". 

2.0 SAMPLING POINTS 

• Initially, no wells were installed in the Iackpile Pit. This oversight was corrected in 
2007 when two wells were placed in the Iackpile-Paguate pit fill material. 

• The ponded water in the open pits was sampled for the first time in April 2007, when 
the pond in the North Paguate Pit was sampled and analyzed. 

• Additional rounds of sampling were also conducted in 2006 and 2007 at the historic 
surface and ground water sampling points. 

3.0 QUALITY CONTROL AND QUALITY ASSURANCE 

The same conclusions regarding QAIQC that were presented in the Water Quality report still 
hold. Namely; there are many qualifiers (approaching 40%) in the reported laboratory data 
reports, the cations and anions are often out of balance, and there needs to be a thorough quality 
review of the reports and the laboratory QC. 

4.0 CONTAMINANTS 

The last two sequences of monitoring indicate the Total Dissolved Solids trends no longer hold. 
Several wells that had downward trends are now trending higher in TDS. The comparison of 
data to the Primary and Secondary Drinking Water Standards is updated to include the reporting 
years 1996 through 2007: 

4.1 Primary Drinking Water Regulations (Maximum Contaminant Levels) 
• Fluoride - Concentrations exceeding 4 mg/L were found in all samples taken 

from MW -I, an upgradient well\ 
• Lead - One excursion of the standard of 0.015 mg/L was found in MW-I 
• Arsenic - One sample from MW-4 exceeded the standard ofO.Olmg/L. 
• Gross Alpha - All surface waters, groundwaters, and pit wells had exceedances of 

the Gross Alpha MCL except for the reservoir. Many had exceedances for each 
sampling period. 

QA Systems Corporation June 2007 
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Gross Alpha Exceedances of the 15 pCiIL MCL 

Location # samples Range 
> 15 pCi/L - - -- -

Groundwater 
MW-l lof9 ND 17.33 
MW-2 10 of 10 12.51 97.67 
MW-3 60f9 31.92 104.85 
MW-4 90f9 20.99 202.3 
MW-5 30f9 ND 23.94 
MW-6 90f9 ND 118.72 

MW-7 40f9 9.11 40.63 
-

Surface Water 
NP Pond 1 of 1 1468.05 
Railroad Tresel 10 of 10 37.59 214.33 
Lower Rio M 7 of 10 16.62 53.05 
Lower Rio P 6 of 10 2.24 106.22 
P-M Confluence 8 of 10 11.19 94.03 
Upper Rio M 2 of 10 ND 35.11 

\1) i Upper Rio P 1 of 10 ND 25.53 
" Lake/Reservoir o of6 ND 3.04 

"'Pit Wells 
NP-OP- 20 W 10 of 10 159.25 707.71 
NP-OP- 20 E 10 of 10 8965.97 67,278.82 
1P-OP- 41 N 1 of 1 385.07 
JP-OP- 41 S 1 of 1 323,803.05 
SP-OP-34 10 of 10 74.09 1490.91 
SP-OP-35 10 of 10 1022 7385.57 

--- - --

• Uranium - All Surface waters, groundwaters, and pit wells had exceedances of 
the total uranium. Many had exceedances for each sampling period. The 
Lake/Reservoir is a public recreation area used for fishing. 

Table 4-2 
Total Uranium Exceedances of the 0.03 mg/L MCL 

'---:J~~ Location # samples Range 
> 0.03 mgfL 

Groundwater 
MW-l 60f9 3.87 6.27 

QA Syslems COIporalion 2 June 2007 
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Usage Notes 

MCDC Demographic Profile 3, 2000 Census 
PAGUATE , NM ,87040 

1. Population Basics 

     Universe: Total Population 

Total Persons (Sample Est) 492   P1 

Unweighted Sample Count of 
Persons 108   P2 

Total Persons (100% Count) 515   P3 

Pct Persons Sampled 21.0   P4 

    Urban Population 0 0.0 P5 

      In Urbanized Areas 0 0.0   

      In Urban Clusters 0 0.0   

    Rural Population 492 100.0   

      Persons on Farms 0 0.0   

Persons Per Sq Mile 16.1     

2. Age 

     Universe: Total Population 

Under 5 19 3.9 P8 

Age 5 to 9 57 11.6   

10 to 14 41 8.3   

15 to 17 29 5.9   

18 to 19 2 0.4   

20 to 24 12 2.4   

25 to 34 87 17.7   

35 to 44 58 11.8   

45 to 54 64 13.0   

55 to 59 14 2.8   

60 to 64 35 7.1   

65 to 74 49 10.0   

75 to 84 21 4.3   

Over 85 4 0.8   

Under 18 146 29.7   

Over 18 346 70.3   

18 to 64 272 55.3   

Over 21 344 69.9   

Over 62 91 18.5   

Over 65 74 15.0   

3. Race and Hispanic 

     Universe: Total Population 

White alone 0 0.0 P6 

Black alone 0 0.0   

Subject Number Percent SF3 
Table

16. Employment Status 

     Universe: Persons over 16 

Over 16 Yrs of Age 354 72.0 P43 

    Civilian Labor Force 112 31.6   

      Unemployed Persons 10 8.9   

      Civ. Labor Force, Female 53 47.3   

        Unemployed Females 10 18.9   

    Over 16 Not in Labor Force 242 68.4   

Married Couples who Both Work 37 64.9 P48 

Married Couples, One Worker 16 28.1   

17. Work Force by Industry 

     Universe: Employed Civilian Labor Force 

Employed Persons in CLF 102 91.1 P49 

    Employed in Manufacturing 16 15.7   

    Employed in Retail Trade 5 4.9   

    Employed in Education 0 0.0   

    Employed In Health Care & Social 
Assistance 11 10.8   

    Employed in Other Industries 70 68.6   

Unemployed Persons in CLF 10 8.9   

18. Work Force by Occupation 

     Universe: Employed Persons in CLF 

Management, professional & related 
occupations 

25 24.5 P50 

Service occupations 26 25.5   

Sales and Office occupations 4 3.9   

Farming, Fishing & Forestry 
occupations 0 0.0   

Construction, extractions & 
maintenance occupations 34 33.3   

Production, Transportation + material 
moving occupations 13 12.7   

19. Household Income in 1999 

     Universe: Households 

Total Households 171   P52 

    Less than $10,000 50 29.2   

    $10,000 to $14,999 8 4.7   

    $15,000 to $24,999 39 22.8   

    $25,000 to $34,999 32 18.7   

    $35,000 to $49,999 18 10.5   

    $50,000 to $74,999 16 9.4   

Subject Number Percent SF3 
Table
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Amer Indian Alaska Native alone 487 99.0   

Asian alone 0 0.0   

Hawaiian and Other Pac Islander 
alone 0 0.0   

Other race alone 0 0.0   

Two or More Races 5 1.0   

Hispanic 0 0.0 P7 

White Alone Not Hispanic 0 0.0   

Minority Pop 492 100.0   

4. Relationship of Persons in Households 

     Universe: Persons in Households 

Persons in Households 492 100.0 P9 

    Householder 171 34.8   

    Spouse 56 11.4   

    Child of Householder 150 30.5   

    Other Relative 93 18.9   

    NonRelative 22 4.5   

5. Households by Type 

     Universe: Households 

Total Households 171   P10 

    Families 121 70.8   

      Married Couples 57 33.3   

        Married Couples w Own 
Children < 18 30 17.5   

      Single Parent Families 20 11.7   

        Single Mothers 15 8.8   

      Other Families 44 25.7   

    Non-Family HHs 50 29.2   

      Persons Living Alone 50 29.2   

6. Marital Status 

     Universe: Persons Over 15 

Over 15 Yrs of Age 375 76.2 P18 

    Never Married 125 33.3   

    Now Married Not Separated 136 36.3   

    Separated 24 6.4   

    Widowed 56 14.9   

    Divorced 34 9.1   

7. Language Spoken at Home 

     Universe: Persons Over 5 

Over 5 Yrs of Age 473 96.1 P19 

    Speak English Only 173 36.6   

    Speak Eng less than very well 109 23.0   

    Do Not Speak English 6 1.3   

8. Foreign Born Persons 

Subject Number Percent SF3 
Table

  

    $75,000 to $99,999 4 2.3   

    $100,000 to $149,999 4 2.3   

    $150,000 to $199,999 0 0.0   

    $200,000 or more 0 0.0   

Median HH Income 22,788   P53 

Average Household Income 27,230   P54 

HHs W Income < $200,000 171 100.0   

    Avg HH Income of HHs < $200k 27,230     

Avg HH Income of HHs $200k or 
more       

20. Income Percentages by Source 

     Universe: Households 

Aggregate Income in 1999 $4,656,400     

Pct Wage or Salary Income 78.7   P68 

Pct Soc Security Income 6.5   P71 

Pct SSI Income 1.5   P72 

Pct Public Assistance Income 0.2   P73 

Pct Retirement Income 8.5   P74 

21. Other Income Measures 

     Universe: Families or Persons 

Median Family Income 24,904   P77 

Average Family Income 32,129   P78 

Per Capita Income 9,514   P82 

Males 16+ with Earnings in 1999 100     

    Avg Earnings of Males with 
Earnings $19,630   P84 

P86 

Females 16+ with Earnings in 1999 89   P84 

    Avg Earnings of Females with 
Earnings $20,388   P84 

P86 

22. Poverty 

     Universe: Persons for whom poverty status is determined 

Persons for whom poverty status 
determined 492 100.0 P87 

    Poor Persons 154 31.3   

    Persons below 50% of poverty 
level 47 9.6 P88 

    Persons below 185% of poverty 
level 324 65.9   

    Persons Between 100 & 200% of 
poverty level 170 34.6   

    Mean Poverty Ratio 1.694     

Poor Persons in Families 129 29.2 P89 

Families Below Poverty 33 27.3 P92 

Non Family Households Below 
Poverty 25 50.0   

23. Miscellaneous Population 

     Universe: Total Population 

Subject Number Percent SF3 
Table
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     Universe: Foreign Born Persons 

Foreign Born, exc native 0 0.0 P21 

    Naturalized US Citizen 0 0.0   

    Not a Citizen 0 0.0   

    Foreign Born Entered US in 1990 
or Later 0 0.0 P22 

    Born in Europe 0   PCT19 

    Born in Asia 0     

    Born in Latin America 0     

    Born in Mexico 0     

    Born somewhere else 0     

9. Residence in 1995 

     Universe: Persons Over 5 

Lived in Same House 5 Yrs Ago 358 75.7 P24 

Lived in Same County 5 Yrs Ago 419 88.6   

Lived in Same State 5 Yrs Ago 463 97.9   

10. Place of Work 

     Universe: Workers over 16 

Workers 16 and Over 83   P26 

    Work in County of Residence 66 79.5   

    Workers Living in a Place 83 100.0 P27 

      Work in Place of Residence 0 0.0   

11. Commuting 

     Universe: Workers over 16 

Drive Alone to Work 67 80.7 P30 

Carpool 16 19.3   

Public Transportation or Taxi to Work 0 0.0   

Cycle or Walk to Work 0 0.0   

Work at Home 0 0.0   

Mean Travel Time to Work 29.9   P32 P33 

12. School Enrollment 

     Universe: Persons Over 3 

Over 3 Yrs of Age 479 97.4 P36 

    Enrolled in grades K-12 122 25.5   

      Enrolled in Private Schools K-12 4 3.3   

    Enrolled in College 23 4.8   

13. Educational Attainment 

     Universe: Persons Over 25 

Over 25 Yrs of Age 332 67.5 P37 

    Less Than 9th Grade 16 4.8   

    9th thru 12th grade, No Diploma 62 18.7   

    High School Grad or GED 147 44.3   

    Did Not Attend College 225 67.8   

    Some College, no degree 77 23.2   

Subject Number Percent SF3 
Table

Female 285 57.9 P8 

Group Quarters Population 0 0.0 P9 

Institutionalized Population 0 0.0   

Grandparents Caring for Own 
Grandchildren 7 1.4 PCT8 

24. Housing Unit Basics 

     Universe: Total Housing Units 

Total Housing Units 197   H1 

Unweighted Sample HU Count 45   H2 

Total Housing Units (100% Count) 196   H3 

Est Occupied Housing Units 
(100% Count) 160     

Est Vacant Housing Units (100% 
Count) 36     

Pct of Occupied HUs in Sample 24.4     

Pct of Vacant HUs in Sample 16.7     

    Urban Housing Units 0 0.0 H5 

    Rural Housing Units 197 100.0   

    Occupied Housing Units 155 78.7 H6 

      Owner occupied units 140 90.3 H7 

      Renter occupied units 15 9.7   

    Vacant Housing Units 42 21.3   

25. Selected Housing Characteristics 

     Universe: Occupied housing units 

With 1.5+ persons per room 6 3.9 H20 

Lacking complete plumbing facilities 7 4.5 H22 

Lacking telephone service 11 7.1 H43 

No vehicles available 27 17.4 H44 

Average Household Size 3.17   H18 

Moved in last 5 Yrs 35 22.6 H38 

Median Year Moved In 1980   H39 

26. Units in Structure 

     Universe: Housing Units 

Single Family Units 177 89.8 H30 

2 to 4 Units 0 0.0   

5 to 19 Units 0 0.0   

In Buildings with 20+ Units 0 0.0   

Mobile Homes 20 10.2   

Boat, RV, Van, etc. 0 0.0   

27. Age of Structure 

     Universe: Housing Units 

Units < 5 Yrs Old 12 6.1 H34 

Units > 50 Yrs Old 72 36.5   

Units Built Before 1940 55 27.9   

Average Age of Units 41.3     

Subject Number Percent SF3 
Table
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This request took 2.28 seconds of real time (v9.1 build 1461). 

    Bachelors 27 8.1   

    Masters 3 0.9   

    Prof School Degree or PhD 0 0.0   

    Graduate or Professional Degree 3 0.9   

14. Veteran and Armed Forces Status 

     Universe: Persons Over 18 

Over 18 Yrs of Age 346 70.3 P39 

    Currently in Armed Forces 0 0.0   

    Civilian Population > 18 346 100.0   

    Veteran 60 17.3   

15. Disability 

     Universe: Civilian Non-Institutionalized Persons 

Civilian Non-Inst Pop Over 5 473   P42 

    Persons With 1 or more disabilities 92 19.5   

Civilian Non-Inst. Pop Over 65 74     

    Persons Over 65 With a Disability 50 67.6   

Civilian Non-Inst. Pop 16-64 280     

    Persons 16-64 with a Work 
Disability 14 5.0 P41 

       

       

       

       

Subject Number Percent SF3 
Table

28. Gross Rents 

     Universe: Specified Renter Occupied Units 

Units Paying Cash Rent 15 100.0 H62 

      Cash Rent < $300 10 66.7   

      Rent $300 to $599 5 33.3   

      Rent $600 to $999 0 0.0   

      Rent $1000 or more 0 0.0   

      Median Gross Rent $169   H63 

      Average Gross Rent $213   H64 

    No Cash Rent 0 0.0   

29. Housing Values 

     Universe: Specified Owner Occupied Housing Units 

House Value < $50,000 48 40.0 H74 

Value $50,000 to $99,999 52 43.3   

Value $100,000 to $149,999 14 11.7   

Value $150,000 to $199,999 0 0.0   

Value $200,000 to $299,999 0 0.0   

Value $300,000 to $499,999 3 2.5   

Value $500,000 to $999,999 0 0.0   

Value $1 million or more 3 2.5   

Median House Value $61,600   H76 

Average House Value $96,708   
H78 
H14 

Subject Number Percent SF3 
Table

 
Related Applications |  Updated profiles (ACS) | Extract Data via Dexter | Complete metadata(pdf) | SF3 Definitions

(pdf) 

 
Report by the Office of Social and Economic Data Analysis , Univ. of Missouri Outreach & Extension 

Under a contract with the Missouri Census Data Center

SOURCE: U.S. Bureau of the Census, Summary File 3, 2000 Decennial Census

 
Generated on 15MAR10 using dp3_2k.sas, Rev. 10/22/2009 9:31:25 AM 

Address questions and comments to blodgettJ@umsystem.edu

Page 4 of 4MCDC Demographic Profile 3, 2000 Census - PAGUATE (Mo Census Data Center)

3/15/2010http://mcdc2.missouri.edu/cgi-bin/broker?_PROGRAM=websas.dp3_2k.sas&_SERVICE=sasapp&zi=87040
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ResouRCE DEPARTMENT 

Dorothy N. Bucher 
Environment al Technician 

P.O, Bol( 194 Phone: 505-552-7546 ext. 13 
lAguna, NM 87026 Fox: 505-552-6857 
Email: dbeecher@lo.qunatribe.or~ 

PUEBLO OF LAGUNA 
Environmental and Natural 
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~ I!arba,'a Cywinska-8eroacik 
Director 

P.O BOX 194 
LAGUNA, NM 87026 
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\ 

~ Pueblo of Laguna ~ 
Environmental-Natural Resources Dept. 

Curtis L. Francisco I 
Water Quality Specialist 

P.O. Box 194 . laguna. NM 87026 
Phone: 505-552-7546 . Fax: 505-552-6857 

Email: drancisco@lagunatribe.org 
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2.1 ABSTRACT 

June, 1995 marked the Sixty Fifth month of full scale earthmoving activities. Trucks have been 
parked during the month of June. Scrapers completed hauling topsoil to the Jackpile Pit area and 
the shale borrow area. Dozer efforts continue on the south paguate dumps and punch list items 
with support from scrapers. 
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2.2 PROGRESS MAPS 

The attached maps indicate the percentages of completion where work is being performed and 
show progress as of the June 24, 1995 field survey. ' 
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2.4 MILESTONES 

o Lee had a full productive effort during the 
month of June due to several factors: The 
Weather; No days were lost due to rain or 
muddy conditions. One Holiday was observed 
this month and No Training interrupted the 
operation of Lee. 

o Trucks have been parked this month. 

o Scrapers are supporting dozer efforts 
with the south paguate dumps. 

o The Punch list items are in progress . 
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3.0 ACTION ITEMS 

3.1 POL/RPM ACTION ITEMS 

1) 

2) 

3) 

Work with Allen Sedik on closure of Jackpile mine. 

Work with Allen Sedik on revising the Cash Flow; 

Prepare field survey panels for next aerial 
photo & volume check in J ackpile area; 

3.2 BUREAU OF INDIAN AFFAIRS ACTION ITEMS 

1) Work with Reclamation Tech on Jackpile closure; 

2) Work with Reclamation Tech on revising cash flows; 

3.3 SUBCONTRACT ITEMS 

1) Eberline completed calibration of RGM-2 and swipe tests on heavy equipment; 

2) Ground and surface water sampling done; results pending 

3) Schedule aerial photo with TR Mann; 

3.4 LAGUNA CONSTRUCTION COMPANY ACTION ITEMS 

1) 

2) 

3) 

4) 

Complete Earthwork as soon as possible; 

Apprise POL-Tech of any upcoming schedule variance 
(construction, training, etc.) which may impact 
work completion. 

Complete Punch List Items; 

Complete South Paguate dumps; 
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4.1 FOUR (4) WEEK LOOKAHEAD 
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Schedule Name : JUNE, 1995 Four Week Look Ahead 
Responsible : Lee, Inc. 
As-of Date : 30-June-95 Schedule File: c:\Geoworks\Documents\TUN95FWL.OOO 

Task Name Resources 

2S2101 - Dewater JKPL 
2RlJOI/02 - Reveg 
2ElJOIB - Roads 
2S5J09 - Fences 
2E3J03 - Soil to JP-D6 
2E2103A - Backfill 
2E3J06 - Soil 
2E3J07 - Soil to JP-D2 
2T2PLR - Force Account 

Status 

e 

e 
e 
e 

95 
June 
5 12 19 

-- Detail Task ;: ;: ;: ;:;: Summary Task M Milestone 
•• _ (Started) = = = = = (Started) »> Conflict 

26 

__ (Slack) :: :: :: - (Slack) •• _ Resource delay 

July 
3 10 

----------------------------- Scale: 1 day per character -----------------------------------------------------------

GeoDraw Timeline Report, Strip 1, Page 1 



0600021

I 

r 

L 

r 
! 

I:: 

I , 

4.2 PROJECT SCHEDULE 

Scrapers have completed the topsoil cover in the Jackpile area. Trucks are currently parked 
and being maintenanced. Dozers and scrapers are working on the south paguate dumps. Punch 
list items are still in progress. 
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5.1 TRACKING SUMMARY 

Volume surveys and billings are current through the June 24, 1995 survey date. 
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PY95;PY94 

PY93 

PY92 

JACKPILE 
PROJECT TO DATE TRACKING 

PY90 &PY91 

INTERIM 
MOBILIZATION JUNE. 1995 

12,~i~~:;ii/;'~::,I~i~ il~tli~fl~~~w.~l~~~~~i J;!~W~~¥E ff~:{~ ~ri~:~1~~~!tN 
MGMTCASUMMARY 

1 P1 POL MANAGEMENT CA TOTAL $956.550.00 $673.770.42 I $0.00 I $673.770.42 II $257.530.85 I 700Alj 940All $238.046.01 
1P21 POL OTHER PROGRAMSCATOTAL 1 $1.042.857.76 $1.042.857.761 $0.00 I $1.042.857.76 II $0.00 I 100%1 1000All $0.00 

1 P . POL MANAGEMENTTASKTOTALI$1;9$9A07~76 $1;716.628.1iiT$()~0()1.$1.7.16;628;18H<$257~530:85F 860Alj •••.. ••....... 97°roJ ····$238.()4.6.01. 

1C1 1 CONSTRUCTION MANAGEMENT CA TOTAL 1 $1,494.890.10 $963.207.851 $0.00 I $963.207.8511 $531.682.251 64°Alj 920All $446,415.46 
1C2 1 INTERIM CMC CA TOTAL 1 $200.018.90 $205.116.43 I $0.00 I $205.116.43 II $0.00 I 1030hi 103%1 $0.00 
1C3 ICO-OP AGREEMENT CONTINGECY CA TOTAL 1 $2.800.000.00 $409.000.00 I $0.00 I $409.000.00 II $2.391.000.00 I 15°Al[ 14°roJ ($109.000.00) 

lIe-=:. •.......•..•.....••....•...•.•. ·····•·• •• ··•· •• ·lroNSTRUCTION. MANAGEMENT·TASK'rqt1.I.. •• I·····$4;494.909~00· > $1.571.324;281\><$OlOOI $1.577.324.2811$2;922;682;251 •• ••······ 350A>! < •• ··.380Alj •..•..••.. • .•. $337;415.46. 
1 I MANAGEMENT TOTAL 1 $6,494.316.76 $3.293.952.46 I $0.00 I $3.293.952.46 II $3.180.213.10 I 51 0Alj 56°All $575,461.47 
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PY95; PY94 

PY93 

PY92 

PY90 &91 

T-

JACKPILE 
PROJECT TO DATE: SUMMARY 2 
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PY92,PY93, & PY94 

PY90 &91 

INTERIM 

JAl,;KPILE 

PROJECT TO DATE: SUMMARY 1 

JUNE,1995 
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DETAIL FOR PROJECT.TO·DATE 
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r-- uc I'AIL .... OR .... I'D 

1P1 1((<l?ql-MANA$!;M.~NT¢Atq'T:AL;1 $956,550.00 II $673,770.42 I $0.00 I $673,770.4211 $257,530.851 700~ 940~ $238,046.01] 

NE.)..; 
1 P2L01 PRIOR DESIGN AND SPECIFICATIONS $629,994.00 $629,994.00 $0.00 $629,994.00 $0.00 1000h 100~,t $0.00 
1P2L02 PRIOR AND ONGOING LEGAL EXPENSE $82,124.70 $82,124.70 $0.00 $82,124.70 $0.00 100% 1000,t $0.00 

c!!'2~~_._ PRIOR POL EXPENSE $330,739.06 ~!33O,739.06 $0.00 $330,739.06 $0.00 1000Al 100'* $0.00 
_ .... _--- ------ ------.----~-.. --- - -----

1P21):~N(ii.!Ner::RINGqAJQIAlJ $1,042,857.7611 $1,042,857.761 $0.00 I $1,042,857.7611 $0.00 I 1000itl 1000itl $O.06J 

11f>«:HI:·::l?QliMA~~~~I;NTT@KIq!I\PI $1,999,407.7611 $1,716,628.181 $0.00 I $1,716,628.1811 $257,530.851 8601 --w%[·---$238,04S.01 I 

1C1 I :::PONerUi(JcTf9NMANMr::M.eNTPAJQIAt(1 $1,494,890.10 II $963,207.851 $0.00 I $963,207.8511 $531,682.251 640itl 920itl $446,415.461 

INn:RIMbMq\):::;;; 
1C2L01 COMPLETE 1989 (CONST. MGMT.) $116,337.65 $115,775.00 $0.00 $115,775.00 $0.00 100% 100% $0.00 
1C2L02 COMPLETE 1989 (CMC PURCHASES) $5,392.35 $5,392.35 $0.00 $5,392.35 $0.00 100% 1000h $0.00 
1C2L038 COMPLETE 1990 (ENV. MONITORING) $78,288.90 $83,949.08 $0.00 $83,949.08 $0.00 J07O,t ~~O% $0.00 

_.-

1C2Ii.:{N:t~8JM¢M9.CATqTAJ;;1 $200,018.90 II $205,116.431 $0.00 1 $205,116.4311 $0.00 1 10301 10301 $O.oEl 

CONT1NGENQX((::::::: 
1C3L01 MITIGATION PER CO-OP AGREEMENT $2,000,000.00 $0.00 $0.00 $0.00 $2,000,000.00 oo,t 0% $0.00 I 
1C3L02 REVEGETATION PER CO-OP AGREEMENT $500,000.00 $0.00 $0.00 $0.00 $500,000.00 oo,t 0% $0.00 I 
1C3L03 PAGUATE REPAIR FUND $300,000.00 $409,000.00 $0.00 $409,000.00 ($109,000.00) 1000,t 1000" ($109,000.00) 

1C3 O+:OPAGRE~ENTGONT1NGE:NPYPAJQrAk $2,800,000.00 $409,000.00 $0.00 ... $409,000.00 $2,391,()()0.00. 
---- -.J!;o,t ~_1~ ($109,000.00) I 

l~c>:H{:JCQ~l>lJ~Uorl()NMANAG~;NTI~~KT9TAt;'J $4,494,909.00 II $1,577,324.281 $0.00 I $1,577,324.2811 $2,922,682.251 3501 380itl-$337,4fs.46 1 
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DETAIL FOR PTD 

LqQAPMIN))···}················· 
2L 1 LOl COMPLETE 1990 (LCC G&A) I $810,300.00 II $811,000.40 I $0.00 I $811,000.40 II $0.00 I 100~ 1000AlJ $0.00 J 
2L1L02A LCC MARGIN-REFUND FOR OVERRUNS I $0.00 II ($32,017 .06) I $0.00 I ($32,017.06) II $32,017.06 I 1000,t,J 1000,t,J $32,017.06 J 

-- -- -----2[qrr:;.;:;g:Z} (,qqPPSJ$.¢AIPJAL! $810,300.00 II $n8,983.34 1-$0:00 I $778,983.34 II $32,017.06 I 9601 10001- .- $32,017.06 I 

2L2LOl &L03 1990 LCC MOB, G&A, INS. $295,100.00 $265,400.00 $0.00 $265,400.00 $0.00 900h 1000,t $0.00 

2L2L02,02A LCC INSURANCE: INTERIM, PY90, PY91 $291,000.00 $236,696.20 $0.00 $236,696.20 $54,303.80 81% 10011h $0.00 

2L2L02B/C & D LCC INSURANCE-PY92193/94 $324,000.00 $293,878.00 $0.00 $293,878.00 $30,122.00 91°,t 10011h $30,122.00 

2L2L02E LCCINSURANCE-PY95 $30,000.00 $30,000.00 $0.00 $30,000.00 $0.00 10011h 1000,t , -
$0.00 

2L21.{:~ccsrART:+opc:osrsc:'<rOJJ;kl $940,100.00 II $825,974.20 I $0.00 I $825,974.20 II $84,425.80 I 8801 9~n u$3O,122.00 I 

1~l;:<.I·LCCAD~IN1SrRArlQNTAs~Ig:rAL;1 $1,750,400.00 II $1,604,957.541 $0.00 I $1,604,957.5411 $116,442.861 9201--10QOAl/ $62,139.061 

M()E31L;'~r'ON()" 
2M1LOl NO WORK PACKAGE ASSIGNED THIS WBS # $0.00 $0.00 $0.00 $0.00 $0.00 Oo,t Oo,t $0.00 

2M1L05 COMPLETE 1990 (SMALL TOOLS) $63,724.00 $61,934.04 $0.00 $61,934.04 $0.00 9711h 10011h $0.00 

2M1L06 COMPLETE 1990 (REMODELING) $46,520.00 $50,732.20 $0.00 $50,732.20 $0.00 1090,t 1000,t $0.00 

2M1L07 COMPLETE 1990 (RECONDITIONING) $97,163.00 $113,909.36 $19.38 $113,889.98 $0.00 11711h 1000,t $0.00 

2M1L08 COMPLETE 1990 (SHOPS) $192,210.00 $190,603.34 $0.00 $190,603.34 $0.00 9911h 10011h $0.00 

2M1XOl BARRICADING ROAD CLOSURE $45,000.00 $22,897.63 $31.14 $22,866.49 $0.00 5111h lOO°..il $0.00 
-_._-

2Ml I ):":::""J~()B1L;'ZAr'ONQAr~rA41 $444,617.00 II $440,076.57 I $50.52 I $440.026.05 II $0.00 I 99D1 9901 $0.00] 

~D~~VEY{)( 
2M2NOl LAND SURVEY NP AREA $117,913.00 $131,705.71 $2,550.04 $129,155.67 $0.00 112°h 1000h $0.00 

2M2S01 LAND SURVEY SP AREA $266,237.00 $129,867.63 $3,104.87 $126,762.76 $136,369.37 490h 1000h $131,404.24 

2M2JOl LAND SURVEY JP AREA $266,165.00 $117,163.79 $2,443.22 $114,720.57 $149,001.21 44°h 10011h $151,444.43 

2M2JOl ,B,C & E JACKPILE SURVEYING PY93194 & 95 $254,543.00 $213,861.93 $4,800.23 $209,061.70 $40,681.07 84% 900,t ($232,290.78) 

2M2 :. i·········}··):·:}:):::·:.·MNP$!J~V~c:A!QT!iI/ $904,858.00 $592,599.06 $12,898.36 $579,700.70 $326,051.65 65°h 680,t $50,557.89 

Tf\AINING.:''':>'}·· . 

2M3LOl COMPLETE 1990 (MOB. OP. TRAINING) $0.00 $0.00 $0.00 $0.00 $0.00 oo,t 100% $0.00 

2M3L02,A,B & C OPERATOR TRAINING-PY90,91 ,92, & 93 $451,328.00 $400,955.96 $3,635.60 $397,320.36 $0.00 8911h 1000h $0.00 

2M3L02E OPERATOR TRAINING PY95 $22,425.00 $7,013.98 $0.00 $7,013.98 $15,411.02 3111h 500h $8,397.04 

2M3L02D OPERATOR TRAINING-PY94 $89,700.00 $53,058.28 $0.00 $53,058.28 $36,641.72 590,t 1000h ($53,058.28) 

2M3 ;:;;<>:"LCqJJ:IAININ~c:ATq:rAP' $563,453.00 $461,028.22 $3,635.60 $457,392.62 $52,052.74 820,t 75 ($44,661.24) 

12M.··:> •.•••• ·.·«··.::·.·::»(>:1.:;.··.· ·:·····:·:·····:·.·.·.·.·<>MOBIt;I~TIQ~Tl\SKr~rAt4 ::.$M~1~;~2~;o!):I:I$tAiJ~i7q3::~~4.::)$16;M4*~:l$1AmlJM7JI ••• :mM94;39I';7s§j (((:(::n~M: (2DE:~~;8~~~51 

.a"QJq'ILLING) ••• :·:.······· 
2E1NOl COMPLETE 1990 (NP HAUL ROADS) I $60,352.00 II $87.120.86 I $12,184.44 I $74,936.42 II ($26,768.86) I 144%1 100%1 ($14,584.42) I 
2E1N02 HAUL TO NP PIT: NP-PS-17 I $1,838.682.00 II $1,482,238.94 I $288,214.26 I $1,194,024.68 II $356,443.06 I 81%1 1000Ali $156.361.321 
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2E1 1)}:)'::::MCt<flY;JN~:¢Ar91'A!;;H $16,544,636.8911 $13,258,046.551 $2,454,574.571 $10,803,471.9811 $3,286,590.341 800~ 87%1 $4,189,013.44 ! 

.OUM~SlPPIN~ /; : 
2E2N01 CUT BENCH NP-WO-o1 $44,294.00 $30,464.54 $725.16 $29,739.38 $13,829.46 69% 100% $14,554.62 

2E2N02 CUT SLOPES NP-WO-o2(BENEATH NP-PS-l7) $26,281.00 $19,305.52 $2,255.93 $17,049.59 $6,975.48 730Al 
, 

1000M ($35,289.59) 

2E2N03 CUT NP-WS-03 SLOPES $25,576.00 $20,713.64 $2,797.89 $17,915.75 $4,862.36 81 0Al 100% $1,829.25 

2E2N04 COMPLETE 1990 (NP-WO-o4) $24,959.00 $20,111.21 $3,406.72 $16,704.49 $4,847.79 81 0Al 100~ $0.00 

2E2N05 CUT NP-WO-o6 SLOPES $23,741.00 $494.43 $41.68 $452.75 $23,246.57 1000Al 100% $13,363.25 

2E2N06 CUT NP-WT -09 SLOPES $0.00 $0.00 $0.00 $0.00 $0.00 OOA! 1000M $0.00 

2E2N07 REGRADE NP-DN-22 $13,811.49 $15,768.46 $2,440.85 $13,327.61 ($1,956.97) 114D,t 100% ($2,432.12) 

2E2N08 CUT NP-WM-12 SLOPES $14,262.00 $9,627.61 $907.31 $8,720.30 $4,634.39 68D,t 1000Al $5,541.70 

2E2N09 COMPLETE 1990 (NP-HW-25) $24,309.00 $15,690.44 $1,560.41 $14,130.03 $8,618.56 650A 100% $0.00 

:i«/::.:J\jPouMl"i:SL:9A1N$:$l.I13JPTAk $197,233.49 $132,175.85 $14,135.95 $118,039.90 $65,057.64 670A 1000Al ($2,432.89) 

2E2S01 COMPLETED 1990 (SP-WO-13A1WO-10) $156,202.00 $94,795.69 $6,964.98 $87,830.71 $61.406.31 61-"A 100D,t $48,000.00 

12E2S02 CUT SP-WS-17 SLOPES 
--------

$0.00 $0.00 $0.00 $0.00 $0.00 OOA 100% $0.00 
-- - ~---.---
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JUNE,1995 

I
>.··. } i .••.••••.•••••••••• • •••• ••••••••••••••••• 1 •••••.••.••••.••.•••••••• ·.·.····•· •.•.••..•.....••.•••••.•••••••••••••••••••••••••••••••.••••••.•• ••. >.>i.... I TOTAL COST -ITS PTD I ACTUAL 1·~l9Tq6~; •••••••••••• I.1 >.~E.M.y~N.I.~.G .••••••••••••••. ·lk.~~~;TE ..•.• IR~PO .• ~. TjD.· •. ·• .••. I· ••••.• · ••. ·.~.S.:s .••.••. lr.A.A.NT.C.~~ •. / .••••.• 
WBSID.NO~> ....<\ WORKPACKAGEDESCRIPTIQN ESTIMATE JACTUAL COST EQUIPCREDIT CASlifL()W>·· COSTESTJMATE.SPENT COMPLETE AT COMPLETION 
2E2J30 JP-WO-o3B SLOPES $152,350.74 $52,926.13 $9,132.73 $43,793.40 $99,424.61 35°,t 1000,t $108,557.34 

2E2J31 CUT SLOPES JP-WO-o4 $122,500.84 $90,041.80 $16,436.30 $73,605.50 $32,459.04 74% 100% $48,895.34 

2E2J32 CUT SLOPES JP-WO-o4B $90,848.60 $41,126.95 $7,369.68 $33,757.27 $49,721.65 450,t 1000,t $57,091.33 

2E2J33 DELETED 1990 (JP-WO-05A) $0.00 $0.00 $0.00 $0.00 $0.00 oo,t 1000,t $0.00 

2E2J34 DELETED 1990 (JP-WO-o5B) $0.00 $0.00 $0.00 $0.00 $0.00 Oo,t 1000"t $0.00 
....••..•.• ·JPDUMF~L()P.IN~$\JBTOTAL $6,724,250.11 $5,308,728.90 $908,911.37 $4,399,817.53 $1,415,521.21 79011 940,t $2,004,789.58 

2E2\»··.[)UMp$I;,QPIN~cAt()TAlil $9,491,898.07\1 $7,905,848.15\ $1,420,876.20 \ $6,484,971.9511 $1,586.049.92\ 83%1 9801 . $2,157,718.87] 

COVER. pLACEMENT •. 
2E3N01 HAUL SOIL FROM NP-SB-61 TO NP-D8 $89,573.66 $89,573.66 $17,867.21 $71,706.45 $0.00 1000,t 1000Al $17,867.21 

2E3N02 HAUL SOIL FROM NP-SB-26 TO NP-D2 $1n,823.00 $182,140.04 $40,430.52 $141,709.52 ($4,317.04) 102% 1000,t $20,787.48 

2E3N03 HAUL SOIL FROM NP-SB-27 TO NP-D7 $75,803.93 $75,803.93 $15,883.44 $59,920.49 $0.00 1000,t 100% $15,883.44 

2E3N04 HAUL SOIL FROM NP-SB-27 TO NP-D9 $33,699.90 $33,699.90 $6,896.74 $26,803.16 $0.00 1000,t 1000,t $6,896.74 

2E3N05 HAUL SOIL FROM NP-SB-27 TO NP-D6 $191,404.34 $152,449.28 $26,357.81 $126,091.47 $38,955.06 800Al 100011 $4,546.87 

2E3N06 HAUL SOIL FROM NP-SB-61 TO NP-D9 $44,865.45 $44,865.45 $9,417.00 $35,448.45 $0.00 1000"t 1000Al $9,417.00 

2E3N07 HAUL SOIL FROM SP-DN-61 TO NP-D4 $149,246.00 $133,332.06 $27,960.48 $105,371.58 $15,913.94 890Al 1000,t ($788.58) 

2E3N08 HAUL SOIL FROM SP-DN-61 TO NP-D1 $116,032.00 $112,434.42 $10,552.26 $101,882.16 $3,597.58 970,t 1000Al ($20,573.16) 

2E3N09 HAUL SOIL FROM SP-DN-61 TO NP-D3 $203,056.00 $199,073.84 $42,798.01 $156,275.83 $3,982.16 980,t 1000Al ($13,985.83) 

2E3N10 HAUL SOIL FROM SP-DN-61 TO NP-D5 $232,064.00 $188,560.45 $34,067.07 $154,493.38 $43,503.55 81 011 1000,t $8,123.62 

2E3N11 HAUL SOIL FROM SP-DN-61 TO NP-D10 $210,600.00 $167,555.69 $29,355.96 $138,199.73 $43,044.31 80% 100% $72,400.27 

2E3N12 SOIL TO NP-D6 (BENCHES) $113,607.00 $116,323.14 $17,552.71 $98,nO.43 ($2,716.14) 1020Al 1000,t $14,836.57 

2E3N13 HAUL SHALE FROM NP-WS-31 TO NP-D9 $65,168.72 $53,518.46 $7,894.30 $45,624.16 $11,650.26 82% 100% $19,544.56 

2E3N14 SHALE BORROW TO NP-D4 $49,144.13 $49,144.13 $11,382.07 $37,762.06 $0.00 100% 100% $11,382.07 

2E3N15 SHALE BORROW TO NP-D5 $136,500.00 $116,723.15 $23,191.46 $93,531.69 $19,n6.85 86% 100% $42,968.31 

2E3N16 HAUL SHALE FROM NP-WS-31 TO NP-D8 $21,348.99 $20,797.90 $4,155.64 $16,642.26 $551.09 970,t 100011 $4,706.73 

2E3N17 HAUL SHALE FROM NP-WS-31 TO NP-D10 $84,240.00 $88,675.18 $18,554.38 $70,120.80 ($4,435.18) 1050,t 100% $14,119.20 

2E3N18 HAUL SHALE FROM NP-WS-03 TO NP-D3 $83,873.00 $n,407.80 $15,259.07 $62,148.73 $6,465.20 920,t 1000Al $15,197.27 

2E3N19 HAUL SHALE FROM NP-WS-03 TO NP-D2 $81,152.00 $n,153.57 $15,645.08 $61,508.49 $3,998.43 950,t 1000Al $12,619.51 

2E3N20 NO WORK PACKAGE ASSIGNED THIS WBS if $0.00 $0.00 $0.00 $0.00 $0.00 Oo,t 100% $0.00 

2E3N21 HAUL SHALE FROM NP-WS-03 TO NP-D1 $0.00 $0.00 $0.00 $0.00 $0.00 OOAl 1000Al $0.00 

/ ...•.•••.••• < •••••••..•. Np .C()VEFlPl.:ACEM EI\IT$uBT()rA~ $2,159,202.12 $1,979,232.05 $375,221.21 $1,604,010.84 $179,970.07 92% 1000"t $255,949.28 

2E3S01 SOIL BORROW SP-OP-35(SP-D1)FROM SP-SB $176,082.00 $102,362.82 $6,741.69 $95,621.13 $73,719.18 58°Al 1000"t $28,375.87 

2E3S02 SOIL BORROW SP-WS-17(SP-D2)FROM SP-S!: $135,933.00 $147,803.17 $30,438.88 $117,364.29 ($11,870.17) 109011 1000"t $18,568.71 

2E3S03 SOIL BORROW SP-D3 FROM SP-SB-44 $671,269.00 $206,210.99 $44,691.54 $161,519.45 $465,058.01 31 011 1000"t $509,749.55 

2E3S04 HAUL SOIL FROM SP-SB-42 TO SP-D4 $238,662.00 $233,615.42 $52,847.23 $180,768.19 $5,046.58 980Al 1000,t $57,893.81 

2E3S05 HAUL SOIL FROM SP-SB-42 TO SP-05 $133,454.00 $79,765.97 $9,476.24 $70,289.73 $53,688.03 600Al 1000,t $63,164.27 

2E3S06 HAUL SOIL FROM SP-SB-42 TO SP-06 $164,704.00 $124,118.84 $16,488.41 $107,630.43 $40,585.16 750Al 100% $57,073.57 

2E3S07 HAUL SOIL FROM SP-SB-42 TO SP-D7 $300,498.00 $220,918.54 $51,097.28 $169,821.26 $79,579.46 74% 1000,t $100,808.74 

2E3S08 SOIL BORROW (08) FROM SP-SB-44 $425,531.00 $396,859.91 $81,966.27 $314,893.64 $28,671.09 93% 100011 $110,637.36 

2E3S09 SOIL BORROW (09) FROM SP-SB-42 $446,808.00 $372,735.22 $80,229.00 $292,506.22 $74,072.78 830Al 100% $154,301.78 

2E3S10 HAUL SOIL FROM SP-SB-42 TO SP-D10 $0.00 $0.00 $0.00 $0.00 $0.00 OOAl 100% $0.00 

2E3S11 SOIL BORROW (SP-D11) FROM SP-SB-42 $236,109.02 $236,109.02 $56,194.87 $179,914.15 $0.00 1000Al 100% $56,194.87 

2E3S12 SOIL BORROW (SP-D12) FROM SP-SB-43 $244,568.98 $136,548.71 $13,352.44 $123,196.27 $108,020.27 56% 100~ $121,372.71 

2E3S13 SOIL BORROW (SP-D1 B) FROM SP-SB-50 $262,362.00 $205,115.25 $25,n8.20 $179,337.05 $57,246.75 78% 100% $83,024.95 

2E3S14 SHALE BORROW (SP-13A)FROM SP-WS-17 $26,370.00 $23,973.73 $4,603.27 $19,370.46 $2,396.27 91 0,t 1000Al $6,999.54 

2E3S15 SHALE BORROW (SP-13B)FROM SP-W8-17 $77,2.17.0.0. ___ $O.O~ 
~--. 

$0.00 $0.00 $n,217.00 0% 0% $0.00 
. 
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I . - --- 2EiF{:.TIICIG¢aVEAPIAOt;M~¢A:rQt#3}13.700,497.91 JIJi2,407.224.atTJ2,33O,941:79T!io;Q7El:m.02J[ n$U93,273.10T~ . yt%I .- 0001- -$2.539~518.00 J 

CONTAMsqll~>. 
2E4N01 HAUL CS FROM NP-C8-23124 TO NP-oP-20 $106,304.00 $89,655.64 $20,825.16 $68,830.48 $16,648.36 84% 100% $28,921.52 
2E4N01A NORTH RIO PAGUATE-EAST $45,600.00 $45,481.17 $10,334.34 $35,146.83 $118.83 1000Al 100% $10,453.17 
2E4N01B NORTH RIO PAGUATE-WEST $45,600.00 $45,478.72 $10,246.14 $35,232.58 $121.28 100% 1000A; $10,367.42 

:··NepPl:ffAMINAIEQ$Q}[.i$Ql:!tQTAk $197,504.00 $180,615.53 $41,405.64 $139,209.89 $16,888.47 91% 94% $49,742.11 
2E4S01 FM SP-C8-27/28/31/33153 TO SP-oP-34 $162,633.00 $124,016.78 $26,289.04 $97,727.74 $38,616.22 76% 1000A; $3,886.26 

~_E4S02_~ ___ NO WORK PACKA§EASSI§NEDIHIS 'l.'BS..!.... ~~_ $0.00_ L..... __ $O.O~_ _ .... $0.00_ "---. __ $O~ _ __ ~Il.~ ,--_._ODh L..... ... ..!OO% $0.00 
~ .. --.-.-.-
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c:. 2E4 1}»C<>NtiWlr;I"T~sQit.:i9At9JAPl $534,642.82 II $491,304.37 I $79,733.59 I $411,570.78\1 $43,338.45 I 920~ 850~ $50,358.04\ 

HIGHWALLREC~> 
2E5N01 lTRIM NP HIGHWALLS $78,967.00 $1,005.96 $190.14 $815.82 $n,961.04 10A 1000Al $64,287.18 
2E5N02 I SCALE NP HIGHWALLS $62,262.00 $0.00 $0.00 $0.00 $62,262.00 OOA OOAl $0.00 

-.IrRIM :~~~I~~~~C~~f'Hi§BWA4LSq~tQTAk $141,229.00 $1,005.96 $190.14 $815.82 $140,223.04 10A 100011 $64,287.18 
2E5S01 $n,047.00 $29,160.64 $0.00 $29,160.64 $47,886.36 380A 100DA: $34,022.36 
2E5S02 1SCALE SP HIGHWALLS $75,469.00 $29,160.63 $0.00 $29,160.63 $46,308.37 390,1 100011 $45,058.37 

:sel:i'$I:iWAlG~~E;\t9tA~: $152,516.00 $58,321.27 $0.00 $58,321.27 $94,194.73 38011 100DA: $79,080.73 
2ESJ01 ITRIM JP HIGHWALLS $0.00 $0.00 $0.00 $0.00 $0.00 0% 100Clt $0.00 
2ESJ02 I SCALE JP HIGHWALLS $0.00 $0.00 $0.00 $0.00 $0.00 ODA: 1000;1 $0.00 

... ···········:·:·::·«:4PHt§I:iWAtl;i$QE;\Tq:rAQ $0.00 $0.00 $0.00 $0.00 $0.00 ODA: 100DA: $0.00 

I - ---2Es]j:·::Hi$I:iWA~PPA!QTAPl $293,745.00 II $59,327.23\ $190.14 I $59,137.09 \I $234,417.n I 2001 1000~ $143,367.91 I 

I:RO(;ioNCoNTFlOl: 
2E6N01A RIO MOQUINO-EROSION CONTROLS $219,919.00 $161,611.67 $1,524.91 $160,086.76 $58,307.33 730A 100DA $59,832.24 
2E6N02 DELETE RIO MOQUINO CHANNEL $0.00 $0.00 $0.00 $0.00 $0.00 OOA 100DA $0.00 
2E6N03 DELETED 1990 (BEDDING MATERIAL) $0.00 $0.00 $0.00 $0.00 $0.00 ODA 100DA $0.00 

ifliQ.M9¢UIN9ANt>NP:PIT¢Hl?Q$TPtAl: $219,919.00 $161 ,611.67 $1,524.91 $160,086.76 $58,307.33 730,1 1000A $59,832.24 

[2E6X01 I DELETED 1990 (QUARRY ROCK) $0.00 $0.00 $0.00 $0.00 $0.00 O-oA 100DA: $0.00 
[2E6X02 JDELETED 1990 (PROCESS ROCK) $0.00 $0.00 $0.00 $0.00 $0.00 ODA 100DA: $0.00 

···::Rq¢J($Q$.TPtAk $0.00 $0.00 $0.00 $0.00 $0.00 OOA 1000A $0.00 

C 2E61:::::EA9SI9NCON:fI:l<?PCN!Pl'~t:i1 $219,919.00 II $161,611.671 $1,524.91 I $160,086.7611 $58,307.331 730Alj 10001 $59,832.241 

[3§IT3RT ?U:!<:·: ·::'::·:·:::<·::··')'··>I:ARTHW()~K:1Al?J<:JQJAL:t$AA;®M~;~dl~4;2$$;3I3M'$F~;~1I";~4J;291:$~t~~$;52t~Jl'.·$6;~(W~76i~t'I·:>j~~~4/~9#1.:~;t39~8Q~'~1 

UGENTaIES.Al3AN>· 
2S1N01 ~EMMV~13L[§f:NTa.Y~.NFi13IJBtptAk:}::: $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

251$01 SEAL P-13 ADIT $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
2S1802 SEAL P-10 DECLINE $13,844.00 $7,886.94 $281.22 $7,605.72 $5,957.06 $6,238.28 
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r- - ---~2Si]F]I]JPTIJ.lWENTfUE~Af3~t,j[)()I':IPAr.Pt~kl $86,882.00 II $21,999.51 I $463.00 I $21,536.51 II $64,882.49 I 25%1 540Al! $46,714.49 I 

·PIT:WATI;F\:::;'}"/:::::':':>:/· 
2S2N01 COMPLETE 1990 (NP PIT) $141,666.00 $161,935.47 $36,761.23 $125,174.24 ($20,269.47) 114°Al 100% $16,491.76 
2S2501 DISPOSE OF SP PIT WATER $93,920.00 $128,155.26 $23,736.58 $104,418.68 ($34,235.26) 136% 1000Al ($12,033.68) 
2S2JOllAIB DISPOSE OF JP WATER-PY91/92193 $387,408.00 $137,162.94 $37,760.41 $99,402.53 $250,245.06 35% 100% $271,664.47 

2S2 I::::::::::,: :::.: •• ::.:::. :::"')'::'<::::f>ITWATERPAJQIAlf $622,994.00 $427,253.67 $98,258.22 $328,995.45 $195,740.33 690Al 95% $276,122.55 

.SPR6:~f:\UqDEM.:> 
2S3N01 COMPLETE 1990 (NP SURF. STRUC.) $2,947.00 $1,172.61 $0.00 $1,172.61 $1,n4.39 400Al 100% $1,n4.39 

2S3501 DEMOLISH SP SURFACE STRUCTURES $57,896.00 $50,548.23 $2,495.40 $48,052.83 $7,347.n 87% 100% $9,843.17 
2S3J01 DEMOLISH JP SURFACE STRUCTURES $114,986.00 $112,902.68 $4,016.93 $108,885.75 $2,083.32 98% 100% ($18,541.75)l 

2S3 !?<"::' :::··:: ••••••• ::.:: ....... 5speMoIiITlpNPA'I9TAti $175,829.00 $164,623.52 $6,512.33 $158,111.19 $11,205.48 94OA: 87°Al ($6,924.19) I 

$URF:STRVPEQQM: 

$0.00 I $0.00 II $0.00 II $0.00 I 
$0.00 $0.00 $0.00 $0.00 

254XY NOT ASSIGNED 
254 1><>':· •••• ·....:::.~l:)$Qt.ltQAiQtAQl 

$0.00 I ~~ 100~ $0.00 I 
$0.00 100 $0.00 

pI;FlM.muC:) .... ::: 
255N01 CONSTRUCT PERMANENT ACCESS ROADS:NP $0.00 $0.00 $0.00 $0.00 $0.00 0% 1000Al $0.00 
255N02 CONSTRUCT PERMANENT FENCES: NP AREA $0.00 $0.00 $0.00 $0.00 $0.00 0% 100% $0.00 

....... ···::Ng~RU¢:n:JF:jJ;9$p~r~trAt:, $0.00 $0.00 $0.00 $0.00 $0.00 0% 1000Al $0.00 
255501 CONSTRUCT PERMANENT ACCESS ROADS:SP $0.00 $0.00 $0.00 $0.00 $0.00 0% 100% $0.00 
255502 CONSTRUCT PERMANENT FENCES: SP AREA $0.00 $0.00 $0.00 $0.00 $0.00 0% 100% $0.00 

:. :::.:::.:::.:.::.::::.::.:.:: ••••• i~R$Tflqqtl.J8~:§P~tQtAG $0.00 $0.00 $0.00 $0.00 $0.00 0% 100% $0.00 
2S5J01 CONSTRUCT PERMANENT ACCESS ROADS: JF $41,616.00 $0.00 $0.00 $0.00 $41,616.00 0% 0% $0.00 

2S5J02A RIO MOQUINO DROP STRUCTURE $0.00 $0.00 $0.00 $0.00 $0.00 OOAl 1000Al $0.00 

:)JPSTRl.Jq,.JjRl:s$V~T9J)\fli $41,616.00 $0.00 $0.00 $0.00 $41,616.00 OOAl 1000Al $0.00 

2S5J09 CONSTRUCT PERMANENT FENCES: ALL AREA $151,565.00 $226,264.05 $7,602.09 $218,661.96 ($74,699.05) ($67,096.96) 
....... : ·>A~LSJRUqTURES$VeTQJAP: $151,565.00 $226,264.05 $7,602.09 $218,661.96 ($74,699.05) ($67,096.96) 

2551):PERMANENTSTRU9TVFlESPArprAGj $193,181.00 II $226,264.051 $7,602.091 $218,661.9611 ($33,083.05)1 117%1 -}4%[--($6i,096.96)1 

125} :.,.) :'·.«I«.:.:<srRlJCTURE$TASKJQrAL;I:':$t;or$;$~~()()II:'$$~Q;14()m)I'}$;O;?;$$S~Ml)$'72'M()Mfll:::'::$@${t.4$i~I"·:18%1 <:><.88ijt:·'$~M;81$'$9.1 

SEI;PBI;PS)):·:·:·:::::·::· 

2R1N01 PREPARE BED & SEED NP FLAT AREAS I $137,966.00 II $205,572.98 I $8.241 $205,564.74 II ($67,606.98) I 149%1 100%1 ($67,598.74) I 
2R1N02 PREPARE BED & SEED NP SLOPE AREAS I $82,344.00 II $121,431.22 I $0.00 I $121,431.2211 ($39,087.22) I 147%1 100%1_ (~"<>87~ 
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2R1 1)<$~IN$(;A$I,JI3TQI,\L;1 $2,100,261.00 II $1,043,275.141 $1,079.251 $1,042,195.8911 $1,056,985.861 500AiJ 7401 $691,095.7!] 

18R,~~nON:····i/·········· 
2R2N01 DELETED 1990 (IRRIGATION) 0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

12R2so1 ITREEPLANTING $72,149.00 II $0.00 I $0.00 I $0.00 II $72,149.00 I o~ 001--- -$Q.OO] 

12R2J01 I DELETED 1990 (IRRIGATION) $0.00 II $0.00 I $0.00 I $0.00 II $0.00 I 001 10001 $0.00] 

2R2 1<IRfll~i\TION9A$VI3J.p.rALI $72,149.00 II $0.00 I $0.00 I $0.00 II $72,149.00 I 001 100~ - $0.00] 

12R.<.< ••••••• }>.............j.::.> >/'.»..RE'Jr:;$t;TAtj()N.T~TQrAL:I\$2Wt?~41:Q~o9di <$1;Q4~i~!$i141·(')$h!lt~;~!?+ '$tio.4}~A~~;~~lk .... ;$l;1~~A~~Mf3lf. ·.A8W\.>1o().%f).$6~J;o~5~?81 

.TERFlACIN~:"'<·'··'···· 
2T1N01 TERRACING NP AREA: 1200 LF $5,100.00 $0.00 $0.00 $0.00 $5,100.00 0% 100% $0.00 
2T1S01 TERRACING SP AREA: 19100 LF $81,175.00 $61,142.47 $2,806.83 $58,335.64 $20,032.53 75% 100o,t ($58,335.64) 
2T1J01 TERRACING JP AREA: 29000 LF $184,875.00 $239,886.00 $21,064.86 $218,821.14 ($55,011.00) 130% 100o,t ($218,821.14) 

2T1 Ir~BMQ1NG¢A$lJE3rQT.At:: •• ??{ ............... .... . $271,150.00 $301,028.47 $23,871.69 $2n,156.78 ($29,878.47) 111% 100% ($2n,156.78) 

SPECIALCASES.)' 
2T2S01 CUT SP-SW-06 SLOPES - OAK CANYON $0.00 $0.00 $0.00 $0.00 0% 1000h $0.00 
2T2J01 JP-WS-01 SLOPES $1,On,374.00 $245,275.97 $33,493.74 $211,782.23 $832,098.03 23% 1000h ($211,782.23) 
2T2PLR PY94 FORCE ACCOUNT $100,000.00 $108,988.85 $9,235.02 $99,753.83 ($8,988.85) 109% 9Oo,t ($110,837.59) 
2T2J03 CUT JP-WO-o3A13B/4A14B SLOPES $0.00 $0.00 $0.00 $0.00 OOh 10qa,t $0.00 
2T2PLRA PY95 FORCE ACCOUNT $100,000.00 $0.00 $0.00 $0.00 $100,000.00 OOh oo.t $0.00 
2T2N01 CUT NP-WO-01 BENCHES-RIO MOQUINO $580,556.20 $570,695.93 $117,243.53 $453,452.40 $9,860.27 98% 100°.t $250,000.00 

2T2 .l?f'I=CI.AL:.cA .SOElT9TAV) ••••• ·• ••••• • •••••• i ..... ·.···< $1,857,930.20 $924,960.75 $159,972.29 $764,988.46 $932,969.45 500,t 82°,t ($72,619.82) 

we>····.·.: ···:·····:.:.···)·><ITEHFV;CIN$/SPEOIAI.::!ASf( .... >.>·':::>::· •• :>?1$2A~~o~0;2qll {$1;:z.2~;~!i~::22jiXJt~~~~,~4~it4$:24:mrmN~:m~;I0@mS$¥tm:2]Wf2OB} fS(m:e.;17S;6()fl 

I:>·: .• ··: ••• ·.:.·.>\·{»:{2.1«{.< ····>··:····<··.>.i}CQNsT80c'rlqNrp.rAL1~9;~A?4;a9:1.1$40;~t,429.:2$ •• I.$Ei;~2;1.84;~I~;!ia9i2M;7~11 :.~;261AM;~51..J!2:w\/.: •• ~LiW).~l7~7~-m~a:l 
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··PO.LMGMT ••••••• >.·<··· 
1 P1 L01 PROJECT MANAGEMENT - PY90 $0.00 $0.00 $0.00 
1 P1 L01A PROJECT MANAGEMENT - PY91 $0.00 $0.00 $0.00 
1 P1 L01B PROJECT MANAGEMENT - PY92 $0.00 $0.00 $0.00 
1P1L01C&D PROJECT MANAGEMENT - PY93 & PY94 $0.00 $0.00 $0.00 
1 P1 L01E PROJECT MANAGEMENT - PY95 $19.481.65 $0.00 $19.481.65 

11P1 IPQ~MAfIIAGEMENtJ5ATQ.tM:) •• I·.r?nn $19.481.651 . $0~()0]---$19.481.651 

11P2 ·1~NGiNEERiNG-~AC:<...·1 $0.001 $o.O()r- $0.001 

11~>·f~L:MA~AGatE;NT.rA$~'TQIJ.t:).· •• )··.1 $19.481.65 1 $0.00 1 $19,481.65 1 

CMC· •• ••• •••• ••••••••••••••••••••••••••••••••· .. •·•····. 1C1L01 &01A ENGINEERING SVCS. CONTRACT: PY90 & PY9 $0.00 $0.00 $0.00 
1C1L01C&D ENGINEERING SVCS: PY93 & PY94 $0.00 $0.00 $0.00 
1C1L01B ENGINEERING SERVICES-PY92 $0.00 $0.00 $0.00 
1 C1 L05JAIB/C/D ENV. MONITORING PY90/91/92193194 $0.00 $0.00 $0.00 
1C1L01E ENGINEERING SVCS: PY95 $1.119.22 $0.00 $1.119.22 
1C1L05E ENVIRONMENTAL MONITORING: PY95 $26.681.93 $0.00 $26.681.93 

------------

11C1 .. . lCQNS.TAPCTIQNMANACiEME;NTqATQT¥ «I $27.801.15 I $0.00 I $27,801.15 1 

llfJ"f::fI!MPMP>·· 
1C2L01 COMPLETE 1989 (CONST. MGMT.) $0.00 $0.00 $0.00 
1C2L02 COMPLETE 1989 (CMC PURCHASES) $0.00 $0.00 $0.00 
1C2L03B COMPLETE 1990 (ENV. MONITORING) $0.00 $0.00 $0.00 

11c2 HNTEAIM9MGPAT9TAL/..",.,·...,.. ....... <1 -$O:OOC-- -$O~---- $0.00 I 

CONm"Ge~cy·» 
1C3L01 MITIGATION PER CO-OP AGREEMENT $0.00 $0.00 $0.00 I 
1C3L02 REVEGETATION PER CO-OP AGREEMENT $0.00 $0.00 $0.00 I 
1C3L03 PAGUATE REPAIR FUND $0.00 $0.00 $0.00 

1C3 C9+<>PAGREF;M~N:rCONT'NGEN(:}Y·qAXQtA $0.00 $0.00 $0.001 

110/. ·.··: ••••••••• 4CQN$TRuqJlQNMANAG~ENJTA$KtQtApl $27.801.151 $0.001 $27.801.151 
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··.1.·.;··.······ ······.·.·.·.·.·.·.1.·.·.··.··· 

[1'< ··.)· •• ·.{/>« •••••• ·.IM~AGEMENT1:"qTAP.....><.·.:k •• $47.;~$:zis.omTIT].lm~,9WfTIlmm$47;~J1lffi 

lPC~INi:" 
2L 1 L01 COMPLETE 1990 (LCC G&A) J $O.OOJ $0.001 $0.00 J 
2L1L02A LCC MARGIN-REFUND FOR OVERRUNS J $0.001 $0.00 I $0.00 J 

12L1- - ---JiP8e<>STSpATqTAl •• • •••• ·....il $0.00 I $0.00 C $0.00 I 

2L2L01 &L03 1990 LCC MOB, G&A,INS. $0.00 $0.00 $0.00 
2L2L02,02A LCC INSURANCE: INTERIM, PY90, PY91 $0.00 $0.00 $0.00 
2L2L02B/C & D LCC INSURANCE-PY92/93194 $0.00 $0.00 $0.00 
2L2L02E LCCINSURANCE-PY95 $30,000.00 $0.00 $30,000.00 

12L2 II.:.CPSTAFrr~UPCOSTSqAJ9rAG .. ))· >1 $30,000.00 I $O.O!C-$30,OOo:OO] 

[iiZm].lSIGWSKCCAQMINISTBATJoNTASKxprALi> \ $30,000.00 I ---$0:001- --$30,000-:00-] 

M()BI!J~Tl()r{( ' •• 
2M1 L01 NO WORK PACKAGE ASSIGNED THIS WBS # $0.00 $0.00 $0.00 
2M1L05 COMPLETE 1990 (SMALL TOOLS) $0.00 $0.00 $0.00 
2M1L06 COMPLETE 1990 (REMODELING) $0.00 $0.00 $0.00 
2M1L07 COMPLETE 1990 (RECONDITIONING) $0.00 $0.00 $0.00 
2M1L08 COMPLETE 1990 (SHOPS) $0.00 $0.00 $0.00 
2M1X01 BARRICADING ROAD CLOSURE $0.00 $0.00 $0.00 

12M1 IMOBIUZAIIONCATClIAL:. ) ............... / >, $0.00 c---$([OO]----SO:Oo] 

.LANP:$lI~VEY·) 
2M2N01 LAND SURVEY NP AREA $0.00 $0.00 $0.00 
2M2S01 LAND SURVEY SP AREA $0.00 $0.00 $0.00 
2M2J01 LAND SURVEY JP AREA $0.00 $0.00 $0.00 
2M2J01 B/C & E LAND SURVEY PY93194 & 95 $17,098.47 $n6.78 $16,321.69 
2M2 ~PSURVl:'(qATQTAL" •• : .•• : .••• (: ...... $17,098.47 $n6.78 $16,321.69 

.1J'IAIN'N~<T}C·:· 
2M3L01 I COMPLETE 1990 (MOB. OP. TRAINING) $0.00 $0.00 $0.00 
2M3L02,A,B & C I OPERATOR TRAINING-PY90,91 ,92, & 93 $0.00 $0.00 $0.00 
2M3L02E I OPERATOR TRAINING PY95 $7,013.98 $0.00 $7,013.98 
2M3L020 I OPERATOR TRAINING-PY94 $0.00 $0.00 $0.00 
2M3 It:CCrRAIr.jIN.G'CA;TQ!AP...:..:.:::.:··,············· $7,013.98 $0.00 $7,013.98 

'2M»<::j MOi:lI!JZATI()NTMKTOTAt:;:\· •• <: >:).1 ;:::. $?4AJ~;~r.: >'{$n~:7tf ):$2:3;~~671 

BAeKA4LlN~.\<'. 
2E1N01 COMPLETE 1990 (NP HAUL ROADS) $0.00 $0.00 $0.00 
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[2El leACi(fll.l1NG.CATOT,i\L: .·.·)}.·.·{:..il $2e9.423.96I·~$27.172.07Jm- $242~51~891 

OPMP.SLQPIN.G:<. 
2E2N01 CUT BENCH NP-WO-o1 $0.00 $0.00 $0.00 
2E2N02 CUT SLOPES NP-WO-o2(BENEATH NP-P8-17) $0.00 $0.00 $0.00 
2E2N03 CUT NP-W8-03 SLOPES $0.00 $0.00 $0.00 
2E2N04 COMPLETE 1990 (NP-WO-o4) $0.00 $0.00 $0.00 
2E2N05 CUT NP-WO-oe SLOPES $0.00 $0.00 $0.00 
2E2Noe CUT NP-WT -09 SLOPES $0.00 $0.00 $0.00 
2E2N07 REGRADE NP-DN-22 $0.00 $0.00 $0.00 
2E2N08 CUT NP-WM-12 SLOPES $0.00 $0.00 $0.00 
2E2N09 COMPLETE 1990 (NP-HW-25) $0.00 $0.00 $0.00 

.NgPllMA~"OP!NC3~UeT9TAt(·. :.H)::> $0.00 $0.00 $0.00 
2E2S01 COMPLETED 1990 (SP-WO-13A1WO-10) $0.00 $0.00 $0.00 
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12E2-- IOU"'PSLOPINGCATOJAl:i:<)::1 $1,19S,690.721 $236,Sn.381 $962,113.341 

COYEFtPLACEMEN 
2E3N01 HAUL SOIL FROM NP-SB-61 TO NP-DS $0.00 $0.00 $0.00 
2E3N02 HAUL SOIL FROM NP-SB-26 TO NP-D2 $0.00 $0.00 $0.00 
2E3N03 HAUL SOIL FROM NP-SB-27 TO NP-D7 $0.00 $0.00 $0.00 
2E3N04 HAUL SOIL FROM NP-SB-27 TO NP-D9 $0.00 $0.00 $0.00 
2E3NOS HAUL SOIL FROM NP-SB-27 TO NP-D6 $0.00 $0.00 $0.00 
2E3N06 HAUL SOIL FROM NP-SB-61 TO NP-D9 $0.00 $0.00 $0.00 
2E3N07 HAUL SOIL FROM SP-DN-61 TO NP-D4 $0.00 $0.00 $0.00 
2E3NOS HAUL SOIL FROM SP-DN-61 TO NP-D1 $0.00 $0.00 $0.00 
2E3N09 HAUL SOIL FROM SP-DN-61 TO NP-D3 $0.00 $0.00 $0.00 
2E3N10 HAUL SOIL FROM SP-DN-61 TO NP-DS $0.00 $0.00 $0.00 
2E3N11 HAUL SOIL FROM SP-DN-61 TO NP-D10 $0.00 $0.00 $0.00 
2E3N12 SOIL TO NP-D6 (BENCHES) $0.00 $0.00 $0.00 
2E3N13 HAUL SHALE FROM NP-WS-31 TO NP-D9 $0.00 $0.00 $0.00 ! 

2E3N14 SHALE BORROW TO NP-D4 $0.00 $0.00 $0.00 
2E3N1S SHALE BORROW TO NP-DS $0.00 $0.00 $0.00 
2E3N16 HAUL SHALE FROM NP-WS-31 TO NP-DS $0.00 $0.00 $0.00 
2E3N17 HAUL SHALE FROM NP-WS-31 TO NP-D10 $0.00 $0.00 $0.00 
2E3N1S HAUL SHALE FROM NP-WS-03 TO NP-D3 $0.00 $0.00 $0.00 
2E3N19 HAUL SHALE FROM NP-WS-03 TO NP-D2 $0.00 $0.00 $0.00 
2E3N20 NO WORK PACKAGE ASSIGNED THIS WBS # $0.00 $0.00 $0.00 
2E3N21 HAUL SHALE FROM NP-WS-03 TO NP-D1 $0.00 $0.00 $0.00 

NP9q'ilER.PLACEMENT$li~tq;rAk):·:·:············ $0.00 $0.00 $0.00 
2E3S01 SOIL BORROW Sp-oP-35(SP-D1)FROM SP-SB $0.00 $0.00 $0.00 
2E3S02 SOIL BORROW SP-WS-17(SP-D2)FROM SP-SE $0.00 $0.00 $0.00 
2E3S03 SOIL BORROW SP-D3 FROM SP-SB-44 $0.00 $0.00 $0.00 
2E3S04 HAUL SOIL FROM SP-SB-42 TO SP-D4 $0.00 $0.00 $0.00 
2E3SOS HAUL SOIL FROM SP-SB-42 TO SP-DS $0.00 $0.00 $0.00 
2E3S06 HAUL SOIL FROM SP-SB-42 TO SP-D6 $0.00 $0.00 $0.00 
2E3S07 HAUL SOIL FROM SP-SB-42 TO SP-D7 $0.00 $0.00 $0.00 
2E3SOS SOIL BORROW (OS) FROM SP-SB-44 $0.00 $0.00 $0.00 
2E3S09 SOIL BORROW (09) FROM SP-SB-42 $0.00 $0.00 $0.00 
2E3S10 HAUL SOIL FROM SP-SB-42 TO SP-D10 $0.00 $0.00 $0.00 
2E3S11 SOIL BORROW (SP-D11) FROM SP-SB-42 $0.00 $0.00 $0.00 
2E3S12 SOIL BORROW (SP-D12) FROM SP-SB-43 $0.00 $0.00 $0.00 
2E3S13 SOIL BORROW (SP-D1B) FROM SP-SB-50 $0.00 $0.00 $0.00 
2E3S14 SHALE BORROW (SP-13A)FROM SP-WS-17 $0.00 $0.00 $0.00 



0600042

DE'I AIL F-UH p'y~ti 

JUNE. 1995 
~ 

12E3 ICOVi:flPLACEMENTCATQTAt:: ;:\:/::1 $791.681.581 $143.986.021 $647.695.561 

CONI MfSOll/EXV 
2E4N01 HAUL CS FROM NP-CS-23124 TO NP-OP-20 $0.00 $0.00 $0.00 
2E4N01A NORTH RIO PAGUATE-EAST $0.00 $0.00 $0.00 

2E4N01B NORTH RIO PAGUATE-WEST $0.00 $0.00 $0.00 

NRCONTAMIN~TED$O!P$qE)TQ.T:At;:: :::» $0.00 $0.00 $0.00 

2E4S01 FM SP-CS-27/28/31133153 TO SP-OP-34 $0.00 $0.00 $0.00 
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[2E4 - ---~-IP9NfAMJNAfEDSOILqATO:TAt:):;):1 $0.00 I $0.00 I $0.00 I 

HIGHWALLFlEClA 
2E5N01 TRIM NP HIGHWALLS $0.00 $0.00 $0.00 
2E5N02 SCALE NP HIGHWALLS $0.00 $0.00 $0.00 

INPHIGHWALL:~UBTOTAli(?:}';'; $0.00 $0.00 $0.00 
2E5S01 TRIM SP HIGHWALLS $0.00 $0.00 $0.00 
2E5S02 SCALE SP HIGHWALLS $0.00 $0.00 $0.00 

SP;HIGHWALL;SUBTOTAt;:;;',,/{) ;)};,;;;};;;;::::::::",,;::;;.;.; $0.00 $0.00 $0.00 
2E5J01 TRIM JP HIGHWALLS $0.00 $0.00 $0.00 
2ESJ02 SCALE JP HIGHWALLS $0.00 $0.00 $0.00 

JP.:HIG HWALL:SUBTOTAtliJ\ .;.;.;;;.;;.;.;.;.;.;.;.;;;;;;;;;;;; .. ; ......... . $0.00 $0.00 $0.00 

[21:5--- --- ~A~t()TAl:;::::\}};;' ;;;;:,,;;;';';';';';';';""',,;';"';; :::::::1 $0.00 I ---$0.00 I $0.00 I 

EFlq$jq",Cb~TRO 
2E6N01A RIO MOQUINO-EROSION CONTROLS $0.00 $0.00 $0.00 
2E6N02 DELETE RIO MOQUINO CHANNEL $0.00 $0.00 $0.00 
2E6N03 DELETED 1990 (BEDDING MATERIAL) $0.00 $0.00 $0.00 

:F1!OJ[OQU)NQjANoN.e:t;iijPH.:$UijJ9t'AGF: $0.00 $0.00 $0.00 

[2E6X01 DELETED 1990 (QUARRY ROCK) $0.00 $0.00 $0.00 
12E6X02 DELETED 1990 (PROCESS ROCK) $0.00 $0.00 $0.00 

iROPKsUJ:3."tOTAV\ ":';[('{;::?::::::::: $0.00 $0.00 $0.00 

[2ES .~-TERQSfo~TROLGA10TAtii, iii so:orr---}MOT---~oJ 

[2E> ;;2JI·EAf\LH'NORKTASRWACWTII ?IITB::']lWITIl$2;2S9:7.~:2'fJI'140%1~~lWIl: :·5$TIi?i~'O~gl1:1 

lJGf:NTflIES~AN.· 
2S1 N01 tsEACpW:¢'3D~ENtAWNP~P13rQfA~»::, ,;. $0.00 $0.00 $0.00 

[281S01--- JSEAL?-13 ADIT . $o:on=---¥OOT---~oJ 
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12S1 ILJGEfIIT~IESNlAN[)()N¢ATQIAt;:1 $0.001 $0.001- --$0-:00] 

PII·WATER\'·'·· 
2S2N01 COMPLETE 1990 (NP PIT) $0.00 $0.00 $0.00 
2S2S01 DISPOSE OF SP PIT WATER $0.00 $0.00 $0.00 
2S2JOllAIB DISPOSE OF JP WATER-PY91/92193 $0.00 $0.00 $0.00 
282 PITWATERCATOTAL\>.«)",.·.····,',·,···· . $0.00 $0.00 $0.00 

SU.RFSTRUC[)EM/ 
2S3N01 COMPLETE 1990 (NP SURF. STRUC.) $0.00 $0.00 $0.00 

2S3S01 DEMOLISH SP SURFACE STRUCTURES $0.00 $0.00 $0.00 
2S3J01 DEMOLISH JP SURFACE STRUCTURES $0.00 $0.00 $0.00 
2S3 SsOEMoUrIONcATOIAC\<:: •• ' ••••••• ,.','..)... $0.00 $0.00 $0.00 

SURf$Tf\G[)i:QQ 

$0.00 I $0.00 I $0.00 I 
$0.00 $0.00 $0.00 

254XY 
254 

NOT ASSIGNED 

sS,.Pt::coMCATC).1'!ili<>:···:i::.,:, ::::,1 
pERM$TRIJO<·'· 
255N01 CONSTRUCT PERMANENT ACCESS ROADS:NP $0.00 $0.00 $0.00 

2S5N02 CONSTRUCT PERMANENT FENCES: NP AREA $0.00 $0.00 $0.00 

NPSTI3I.,lCTIJREssl.,l~Tc)TAL':;::: :::::)}':", $0.00 $0.00 $0.00 
2S5S01 CONSTRUCT PERMANENT ACCESS ROADS:SP $0.00 $0.00 $0.00 
2S5S02 CONSTRUCT PERMANENT FENCES: SP AREA $0.00 $0.00 $0.00 

sP.srRuCTUFi~S;.SUBTO!Al:,:/'.'\:"" $0.00 $0.00 $0.00 
2S5J01 CONSTRUCT PERMANENT ACCESS ROADS: JP $0.00 $0.00 $0.00 
2SSJ02A RIO MOQUINO DROP STRUCTURE $0.00 $0.00 $0.00 

.J pstflqpT!JR!':S sqetoIALi}:..::::i ':"':' $0.00 $0.00 $0.00 

2S5J09 CONSTRUCT PERMANENT FENCES: ALL AREA $33,601.31 $4,167.64 $29,433.67 

AL~STflLJCTU R.ES .SUBIOTAL)):)):')':"", $33,601.31 $4,167.64 $29,433.67 

1255 IPER~AN~NTSTRIJCTURESC~T()r.A!:'::' <:1 - $33,601.31 r-- $4.167.641$29,433.67 I 

125 •• ·.,. <>::(:':'::I~RQCTU8ESTAS~T()I,6,~»)':::<:::1 ';:$$3;E)61)3t!:.·.:·.$4d~7)@I:.T?,~~i4:33;I):7] 

SEEDBEDS:).:"""·> 
2R1N01 PREPARE BED & SEED NP FLAT AREAS $0.00 $0.00 $0.00 
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12R1-l§EEi)JIIIGCASLJi:3TOTAt;::):'·Xi':{1 $247,664.691 $0.00 1 $247,664.691 

'IRBIGATI()N'·.::::)·:·· 
2R2NOl DELETED 1990 (IRRIGATION) $0.00 $0.00 $0.00 

12R2S01 -~yREE PLANTING $0.00 I $0.00 I $0.00 I 

[2R2JOl I DELETED 1990 (IRRIGATION) $0.00 I $0.00 I $0.00 I 

12R2 IIRI'\IGATIONCJ\SLJBWT~i;'i.':.i>1 $0.00 I $0.00 I $0.00 I 

12R.::./:.· ••• ::::·::·"..)qI'\EVEGETATION:TA$K::r()'l'~ ••• • ...... :<... ...... I,:.' •• ~?4c·M§4~AAI:.:: •••• :$P';P9H •• ':':':': '.:./$?4!;6M:6~1 

TI:Rt=\APING:):'····.······; 
2T1NOl TERRACING NP AREA: 1200 LF $0.00 $0.00 $0.00 
2T1S0l TERRACING SP AREA: 19100 LF $0.00 $0.00 $0.00 
2T1JOl TERRACING JP AREA: 29000 LF $2,2n.12 $30.90 $2,246.22 
2Tl rERRACINGCA:sUBTQ"tAL, :....... ••••• ) { $2,2n.12 $30.90 $2,248.22 

SPa::,~qASES< 
2T2S01 CUT SP-SW-06 SLOPES - OAK CANYON $0.00 $0.00 $0.00 
2T2JOl JP-W8-01 SLOPES $50,129.23 $0.00 $50,129.23 
2T2PLR PY94 FORCE ACCOUNT $108,988.85 $9,235.02 $99,753.83 
2T2J03 CUT JP-WO-o3A13B/4A14B SLOPES $0.00 $0.00 $0.00 
2T2PLRA PY95 FORCE ACCOUNT $0.00 $0.00 $0.00 
2T2NOl CUT NP-WO-ol BENCHES-RIO MOQUINO $0.00 $0.00 $0.00 
2T2 ··s.eECIA.4dA$OBTO"tAI.iI:~~·>'·...::.:;:·.:·' $159,118.08 $9,235.02 $149,883.08 

[2fT,. K •• ;IB~E'.Tfef:lRAcINGIS~ECiAmfA$i(;:;:S •• <T;;rm;:FE?2IT~~~DER$;~;:w1: •• 5';Bi1$~1~8jJ 

[2< .,'j¢oNSJRUCfloNTOfAL '~"7C:"~,C'~'= IF.$2;i~;56¢~im •• I$4?j;~4~;~j)l '.):f$2:;3:34T6~4i.1()J 
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5.2 WORK PACKAGE DISCUSSION 

WP# DESCRIPTION REMARKS 

1Pll01E POL Project Management PY95 m-progress; 

1C1L05E Enviro. Monitoring PY95 in-progress; 

1C1L01E Engineering Services PY95 in-progress; 

2M3L02E Training PY95 m-progress; 

2R lJO 1/02 Reseed Jackpile Flat/Slopes Idle; 

2E3J06 Soil to JP-D3 complete; 

2E3J17 Soil to JP-D8 complete; 

2E2J03A JP-WS-17 backfill complete; 

2M2J01E Surveying in-progress; 

2E3J03 Soil to JP-D6 complete; 

2T2PLR Force Account complete; 

2ElJ01B J ackpile roads and ramps in-progress 

2S5J09 Fences m-progress 
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5.3 WORK PACKAGE CLOSEOUTS 

1) New items submitted by LCC, Inc. for Final Inspection/Closeout: 
, 

NONE for June, 1995 

2) New items submitted by Pueblo of Laguna to BIA for Final Closeout: 

I 1 __ 

NONE for June, 1995 

I 
I . 
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5.4 CHANGE ORDER SUMMARY 

NONE for June, 1995 
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Closeout Summary 

5.5 PROJECT-TO-DATE CLOSEOUT SUMMARY 

AS OF JUNE, 1995 

WORK 
PACKAGE MONTH 

NUMBER DESCRIPTION CLOSED 

2E1N04 Haul NP-PS-14 to Pit 2/90 

2E1N11 Relocate N P-PS-13 to Pit 2/90 

2E1N12 Cut Slopes NP-OP-19 2190 

2E2S04 Cut SP-WO-14 Slopes 2/90 

2E2S09 Cut SP-WO-38 Slopes 2190 

2L2L01 G & A (Mobilization) 2/90 

2M1L05 Purchase Small Tools 2190 

2M1L06 Remodel Project Offices 2/90 

2M1L07 Recondition Jobsite 2/90 

2M1L08 Set Up Shop Facilities 2/90 

2M3L01 Operator Training(Mobilization) 2190 

2S1N01 Seal PW-2/3 Adit 2190 

2S1S03 Seal H-1 Adit 2/90 

2S1S05 Plug Drill Holes 2190 

2S3N01 Demolish No. Paguate Structures 2/90 

1C2L01 & 02 Interim CMC (Mobilization) 4/90 

2M2N01 Land Surveying-No. Paguate 7/90 

2S2N01 Dewater No. Paguate Pit 7/90 

1C1 L01 CMC & Consulting Services-1st Year Plan 11/90 

1C1L05 & 02B Environmental Monitoring-1st Year Plan 11/90 

1 P1 L01 RPM Office-1 st Year Plan 11190 

2E1N01 Build No. Paguate Haul Roads 11190 

2E1N03 NP-PS-18 to No. Paguate Pit 11190 

2E1N05 NP-PS-15 to No. Paguate Pit 11190 

2E1N06 NP-PS-16 to No. Paguate Pit 11/90 

2E1N07 SP-PS-01 to No. Paguate Pit 11/90 

2E2N04 Slope NP-WO-04 11190 

2E2N09 Slope NP-HW-25 11/90 

2E2S01 Slope SP-13A/WO-1 0 11/90 

2E2S06 Slope SP-WS-18C/WT -19 11/90 

2E2S07 Slope SP-WT -03 11/90 

2E2S11 Slope SP-WT -19A 11190 

2E2S12 Slope WS-WM-12 11/90 

2E2S15 Slope SP-WT -16/37 11190 

2E2S19 Misc. So. Paguate Sloping 11/90 

2E4S07 Cleanup SP-CS-62/33 11/90 

2L1L01 LCC G & A 1 st Year Plan 11190 

2L2L02 LCC Insurance-Interim Work 11190 

2S2S01 Dewater So. Paguate Pit 11/90 
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Closeout Summary 

5.5 PROJECT-TO-DATE CLOSEOUT SUMMARY 

AS OF JUNE, 1995 

WORK 
PACKAGE MONTH 

NUMBER DESCRIPTION CLOSED 

2E1N02 Haul to Pit NP-PS-17 9/91 

2E1N10 NP-WT -10 Pit Backfill 9/91 

2E1S02 Pit Backfill SP-PS-02 9/91 

2E2J15 Cut Slopes JP-WS-15 9/91 

2E2N02 Cut Slopes NP-WO-02 9/91 

2E2N03 Cut Slopes NP-WS-03 9/91 

2E2N08 Cut Slopes NP-WM-12 9/91 

2E3N02 Topsoil NP-D2 9/91 

2E3N09 Topsoil NP-D3 9/91 

2E3N10 Soil Borrow NP-D5 9/91 

2E3N14 Shale Borrow for NP-D4 9/91 

2E3N15 Shale Borrow for NP-D5 9/91 

2E3N18 Shale Borrow for NP-D3 9/91 

2E3N19 Shale Borrow for NP-D2 9/91 

2E3S16 Shale Borrow for SP-PS-01 9/91 

2E3S18 Shale Borrow for SP-WO-04 9/91 

2E3S20 SP-38 Shale from SP-WS-07 9/91 

2E3N07 Topsoil to NP-D4 11/91 

2E3N08 Topsoil to NP-D1 11/91 

2E3S13 Topsoil to SP-D1 B 11/91 

2E3S19 Topsoil to SP-D1 0 11/91 

1C1L01A Engineering/Consulting Svcs. PY -91 12/91 

1C1L05A PY -91 Environmental Monitoring 12191 

1 P1 L01A POL Project Management PY-91 12/91 

2E1S03 SP-PS-02 Additional Volume 12/91 

2E2S02 Cut Slopes SP-WS-17 12/91 

2E2S18 Backfill SP-OP-34(Sh-2) 12/91 

2E5N01 Scale N. Paguate Highwalls 12191 

2E5N02 Trim N. Paguate Highwalls 12191 

2E5S01 Scale S. Paguate Highwalls 12/91 

2E5S02 Trim S. Paguate Highwalls 12/91 

2L2L02A LCC Insurance PY-91 12191 

2M1X01 Barricade Road ClosurePY-91 12/91 

2M2N01 Surveying PY-91 12/91 

2M3L02A Training PY -91 12/91 

2S2J01 Dewater Jackpile Pit PY -91 12191 

2S5J02 Construct Fences-Jackpile Area 12/91 

2S5N02 Construct Fences-N. Paguate Area 12/91 

2S5S02 Construct Fences-S. Paguate Area 12/91 
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Closeout Summary 

5.5 PROJECT-TO-DATE CLOSEOUT SUMMARY 

AS OF JUNE, 1995 

WORK 
PACKAGE ~ONTH 

NUMBER DESCRIPTION CLOSED 

2E2J20 Cut Slope JP-WO-14 12191 

2E2N07 Regrade NP-DN-22 12191 

2E2S03 Cut Slope SP-WO-13B & WS-1SA 12191 

2E2S14 Backfill SP-OP-34 (D4-West) 12191 

2E2S16 Backfill SP-OP-34 (D4-East) 12191 

2E2S17 Backfill SP-OP-34 (SP-14) 12191 

2E3J15 Topsoil to H-1 mine area 12/91 

2E3S02 Topsoil to SP-D2 12191 

2E3S03 Topsoil to SP-D3 12191 

2E3S0S Topsoil to SP-DS 12/91 

2E3S09 Topsoil to SP-D9 12/91 

2E3S11 Topsoil to SP-D11 12/91 

2E3S17 Shale Cover to SP-14 12191 

2E4N01A N. Paguate Backfill-East 12/91 

2E4N01B N. Paguate Backfill-West 12/91 

2S1S01 Seal P-13 Adit 12191 

2E2J24 Cut Slopes JP-WO-66 9/91 

2E3S01 Topsoil to SP-D1 9/91 

2E3S14 Shale Cover SP-WO-13A 9/91 

2E3S21 Shale Cover SP-WO-10 9/91 

2E4N01 Pit Backfill NP-CS-24 9/91 

2E1JOS Pit Backfill J P-PS-26 2192 

2E1J06 Pit Backfill JP-WO-1 0 2/92 

2E1J13 JP-WO-03 to Backfill 2/92 

2E2J14 JP-WO-11 Cut slopes 2192 

2E2J21 JP-WS-1SA Cut slopes 2192 

2E2N01 Cut Bench NP-WO-01 2/92 

2E3N04 Soil Cover NP-D9 2/92 

2E3N06 Soil Cover NP-D9 2/92 

2E3N13 Shale Cover to NP-D9 2/92 

2E3N16 Shale to NP-DS 2/92 

2E3S04 Soil Cover SP-D4 2192 

2E3S0S Soil Cover SP-DS 2/92 

2E3S06 Soil Cover SP-D6 2192 

2E3S07 Soil Cover SP-D7 2192 

2E3S12 Soil Cover SP-D12 2/92 

2E4J01 J P-CS-36 to Backfill 2/92 

2S1S02 P-1 0 Closure 2/92 

2S1S04 Seal Vent Holes 2192 
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Closeout Summary 

5.5 PROJECT-TO-DATE CLOSEOUT SUMMARY 

AS OF JUNE, 1995 

WORK 
PACKAGE MONTH 

NUMBER DESCRIPTION CLOSED 

2E2J05 Cut JP-WO-72 Slopes 9/92 

2E2J22 Cut Slopes JP-WS-19 B & C 9/92 

2E2J27 Cut Slopes JP-WO-1SB & 66C 9/92 

2E3N01 Soil Cover NP-DS 9/92 

2E3N02 Soil Cover NP-D7 9/92 

2E3N11 Soil Cover NP-D10 9/92 

2E3N12 Soil Cover NP-D6 9/92 

2E3N16 Shale Cover NP-DS 9/92 

2E3N17 Shale Cover NP-D1 0 9/92 

2T2N01 Rio Moquino Benches 9/92 

1C1 L01 B Consulting Services PY -92 12192 

1C1 L05B Environmental Monitoring PY -92 12192 

1C3L03 Paguate Repairs Fund 12192 

1 P1 L01 B POL Project Management PY-92 12192 

2E1J02 JP-PS-23 to Backfill 12192 

2E1J07 JP-PS-27 to Backfill 12192 

2E1J14 JP-WS-13 & WO-20 Backfill 12192 

2E2J03 JP-WS-17 to Backfill (Dozers) 12192 

2E2J04 JP-PS-22 Cut Slopes 12/92 

2E2J26 JP-WO-1SAl66A Cut Slopes 12192 

2E2J2S JP~WO-1SC/66C Cut Slopes . 12/92 

2E3N05 Soil Cover NP-D6 12192 

2E4J02 JP-CS-37/38 to Backfill 12192 

2L2L02B LCC Insurance PY -92 12192 

2M2J01 Jackpile Surveying PY -92 12192 

2M3L02B Training PY -92 12/92 

2E1J03 JP-PS-24 Pit Backfill 4/93 

2E1J04 JP-PS-25 Pit Backfill 4/93 

2E1JOS JP-WO-07 Pit Backfill 4/93 

2E2J12 JP-WO-06 Cut Slopes 4/93 

2E2J13 JP-WO-OS/WO-12 Cut Slopes 4/93 

2E2J16 JP-WO-05 Cut Slopes 4/93 

2E2J19 JP-WO-73 Pit Backfill 4/93 

2E3J01 J P-D4 Soil Cover 4/93 

2E3J02 JP-D4 Soil Cover 4/93 

2E3J20 JP-D2 Shale Cover 4/93 

2E3J23 JP-D12 Shale Cover 4/93 

2E2J30 JP-WO-03B Cut Slopes 9/93 

2E2J31 JP-WO-04A Cut Slopes 9/93 
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Closeout Summary 

5.5 PROJECT-TO-DATE CLOSEOUT SUMMARY 

AS OF JUNE, 1995 

WORK 
PACKAGE MONTH 

'. 

NUMBER DESCRIPTION CLOSED 

2E2J32 JP-WO-04B Cut Slopes 9/93 

2E1J12 JP-WO-71 Pit Backfill 9/93 

2E2J10 JP-WO-73 Pit Backfill 9/93 

2E2J12 JP-WO-06 Cut Slopes 9/93 

2E3J08A JP-WO-07 Pit Backfill 9/93 

2E3J10 Soil JP-D12A 9/93 

2E3J11 Soil JP-D16 9/93 

2E3J12 Soil JP-D15 9/93 

2E3J23 Shale JP-D15 9/93 

2E3J27 Shale JP-D14 9/93 

2E3J29 Shale JP-D16 9/93 

1C1L01C Engineering Services PY-93 12193 

1C1L05C Environmental Monitoring PY-93 12/93 

1 P1 L01C POL Project Management PY -93 12193 

2L2L02C LCC Insurance PY -93 12193 

2M3L02C Operator Training PY -93 12193 

2E1J09 JP-WO-12 to Pit Backfill 7/94 

2E2J01 JP-WO-11 Backfill 7/94 

2E2J02 JP-WT -16 Backfill 7/94 

2E3J13 Soil to JP-D4 7/94 

2E3J16 Soil to JP-D13 7/94 

2E2J29 JP-WO-03A Cut Slopes 7/94 

2E3J04 Soil Cover JP-D9A 7/94 

2E3J12 Soil to JP-D15 7/94 

2E3J26 Shale Cover JP-D13 7/94 

2E3J28 Soil to JP-D15 7/94 

2T2J01 JP-WS-01 Slopes 7/94 

2E1J11 JP-WS-15 Pit Backfill 11/94 

2E3J05 Soil Cover JP-D1 11/94 

2E3J09 Soil Cover JP-D11 11/94 

2E3J24 Shale Cover JP-D8 11/94 

2E6N01A Rio Moquino Erosion Control 11/94 

2R1N01 Reseed NP Flat Areas 11194 

2R1N02 Reseed N P Slope Areas 11/94 

1C1L01D Engineering Services PY -94 2/95 

1C1L05D Environmental Monitoring PY -94 2/95 

1P1L01D POL Project Management PY -94 2195 

2L2L02D LCC Insurance PY-94 2/95 

2M3L02D Operator Training PY-94 2195 
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6.1 PERFORMANCE MEASUREMENT/DISCUSSION 

No days were lost due to weather; LCC trucks have been parked in June, 1995. Approximately 
32.1 million cubic yards of material have been handled through the June, 24, 1995 survey. The 
Project continues to run about 12 months ahead of the orginal en~ineer's forecast. Sloping is 
taking place on the South Paguate dumps and all material handlmg is done by dozers with 
scrapers support. Punch list items are being addressed. 
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6.2 VARIANCE AND VARIANCE EXPLANATIONS 

NONE for June, 1995 
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7.0 APPENDIX A: SPECIAL REPORTS/PLANS 

7.1 Marvin Sarracino-Pueblo of Laguna 

MONTHLY INSPECTION REPORT--JUNE, 1995 
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Jackpi/e Reclamation Project 
PUEBLO OF LAGUNA 

Office of 
Reclamation Project Manager 
(505) 242-0506 
(505) 552-6011 

Date: July 6, 1995 

To: Roland E. Johnson 
Governor, Pueblo of Laguna 

From: Marvin Sarracino 
Reclamation Technician II 

P.O. BOX 194 

LAGUNA. NEW MEXICO 87026 

Ref: INSPECTION REPORT MONTH OF JUNE, 1995 

Tribal Building 
(505) 243-7616 
(505) 552-6654 
(505) 552-6655 

The weather this ritonth was not a factor on the earth moving operations of the Laguna Construction 
Company. No days were lost. No Holiday's were observed this month. No training interrupted the 
operations of LCe. . 

. , 

The scrapers are parked at the maintenance shop ready for cleaning and ,maintenance. The South 
Paguate Dumps are complete. . 

The Trucks have beenpa~ked receiving IDaintenance. 

The dozers have completed working with the scrapers on the South Paguate Dumps. Dozers are parked 
and ready for cleaning and maintenance. ...... ", , . ", " 

The RGM-2 is calibrated and running. Data is being collected and logged. NoGamma surveys were done 
this month. No lunch trailers were on site. Lagun3: BIA 'Agency will loan us their instrument when 
needed. ' , , . , 

, ',' 

I would like to remind everyone of the process by which you go through to get a tour of the J ackpile 
Reclamation Project. The Pueblo of Laguna has put restrictions on tours and the release of information 
materials from the Jackpile Mine. All tour requests must be made through the Governor's office until 
further notice. With the Governor's permission contact our office and we will schedule a date. The JRP 
number is 552-6011. To be on the mine siteloU Must be Accompanied by a Person from the Reclamation 
Project staff. LCC must also be notified 0 your presence on the mine site. This is for your safety and 
protection; and the protection of the Tribes efforts and interests. The POL phone number is (505) 552-
6654. Approved tours will then be conducted by Marvin Sarracino, ReclamatIOn Technician II. 

One offical tour of the J ackpile was given this month. The tour was for a summer class from Duke 
University, Chapel Hill, Ne. The class was studying geology of the Southwest Mineral belt in N.M. 

The Laguna Construction Company also had the closing ceremonies on June 10, 1995 at the Mine site. 
This was to officially close out the Jackpile Reclamation Project. The mine site was opened up to the 
public to tour and see the work that had been done. All went well and a BIG Thank You is extended to 
LeC for a Job Well Done. 
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Inspection Report for the Month of June, 1995 contd. 

Water Sampling was completed, radiological results pending. 

The Reclamation Tech. continues to help out with the Environmental Division Project. No training was 
attended this month. 

The updating of spreadsheets, TMA \Eberline results and other inspection log entries are being 
maintained in the computer as work continues. 

Highlights: 

1. All equipment has been parked and is being cleaned and maintenanced. 

i- 2. Scrapers & dozers have completed the topsoil cover on the South Paguate Dumps. 
I 

3. RGM-2 - data being collected. 

4. Radon detectors have been exchanged. Results are in and logged. 

5. Water Sampling done. Results Pending. 

6. Aerial Photo to be taken in July. Waiting on aerial panels. 

FILE: INSP0695.DOC 

-2-
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HYDROLOGY OF THE JACKPILE-PAGUATE 

MINE AREA, NH! MEXICO 

October 9, 1981 

Prepared for: 

ANACONDA Copper Company 
P. O. Box 638 

Grants, New Mexico 87020 

Project No. 1240-81 

HYDRO-SEARCH, INC. 
Consulting Hydrologists-Geologists 

333 Flint Street 
Reno, Nevada 89501 
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1.0 SUMMARY 

1. Rio Paguate and Rio Moquino drain approximately 107 square miles 
above the southern boundary of the Jackpile-Paguate Mine. The 
USGS gaged Rio Paguate about 2 miles north of Paguate Village 
where the average flow for 1937-41 was about 760 gpm. A USGS 
gage is currently located on Rio Paguate 1.4 miles south of the 
confluence with Rio Moquino. The average flow from 1976-1980 
has been about 580 gpm. 

2. Several streamflow surveys have been conducted by HSI and USGS. 
The surveys conducted during periods of low evapotranspiration 
(October-March) show a net gain across the mine of 43-135 gpm. 
However, the HSI ~urvey conducted in July of 1980. the time of 
year when evapotranspiration is near a maximum, showed a net loss 
across the mine of about 83 gpm. 

3. Few standing water bodies occur in the vicinity of the mine 
because of low runoff and high evaporation rates. 

4. The primary interaction between surface water and ground water 
occurs in the unconsolidated alluvium deposits along the stream 
channels. In the area of the confluence of Rio Moquino and Rio 
Paguate, the stream deposits act as a mixing zone between water 
on the surface and ground water discharging from the underlying 
Jackpile sandstone. 

5. Water quality of the streams degrades progressively from their 
sources in the canyons above the mine to the boundaries of the 
mine. This degradation, as observed in chemical, radiological 
and electrical conductivity surveys taken by HSI, is related 
primarily to the geologic materials traversed, and secondarily 
to the influences of man. 

6. 

Degradation in water quality continues through the mine area, 
primarily due to concentration by evapotranspiration. 

Rio Moquino is high in concentration 
in comparison to upper Rio Paguate. 
Rio Paguate water is relatively high 
showing the influence of admixed Rio 

-1-

of dissolved constituents 
Below the confluence, the 
in dissolved constituents, 
Moquino water. 

Hydro-search, Inc. Reno. Denver. Austin CONSULTING HYDROLOGISTS-GEOLOGISTS 
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7. The net effects of mining and reclamation on the hydrology of the 
Jackpile-Paguate mine area can only be inferred because of the 
general lack of specific pre-mining hydrologic data. 

The most obvious effect of mininq activities is the alteration of 
the strean courses. A second, perhaps less obvious effect, is a 
possible slight decrease in streamflow due to decrease in dis­
charge of ground water from the Jackpile sandstone ground-water 
system. This is due to diversion of ground water by the mining 
operations. 

Reclamation should not have much effect on streamflow, considering 
that most flow originates upstream and offsite and that mining 
does not result in disappearance of streamflow. Eventual recovery 
of the ground-water system in the Jackpile sandstone and backfill 
materials could result in a slight increase in streamflow from 
current levels due to increased discharge from the ground-water 
system to the streams. 

Results of an extensive sampling-analysis program indicate that 
ground water in the Jackpile sandstone has not been degraded from 
chemical and radiological standpoints as a result of mining 
activities. 

Laboratory equilibration experiments USin9 backfill material and 
P-10 underground water showed that even under worst-case conditions, 
ground-water quality after reaction with backfill materials could 
be expected to fall within the limits already observed for ground 
water within the mine. 

Results of stream surveys indicate that the chemical quality of 
Rio Paguate and Rio Moquino waters has not been degraded to a 
noticeable extent as a result of mining activities. Radiological 
quality of the surface waters may have been affected by mining 
activity, but the extent cannot be determined because pre-mining 
concentrations of radioactivity in the stream waters are not known. 
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2.0 INTRODUCTION 

This report presents results of a detailed field and office investigation 

of the surface water hydrology and related aspects of ground-water hydro­

logy of the Jackpile-Paguate mine and vicinity. The Jackpile-Paguate 

mine is operated by Anaconda Copper Company (Anaconda), and is located 

7 miles northeast of the village of Laguna, Valencia County, New Mexico 

(Figure 1). 

Hydro-Search, Inc. (HSI) was engaged by Anaconda to coll ect hydro 1 ogi c 

data at the mine starting in March 1977. This initial work resulted in 

a report on the hydrogeologic relationships of the Rabbit Ear and P-10 

holding ponds (HSI, 1979). HSI has since collected additional ground-

and surface water data at and in the vicinity of the mine, including the 

construction of 37 hydrologic test wells in the summer and fall of 1980. 

The data from these wells were used as a basis for a report on the ground­

water hydrology of the Jackpile-Paguate mine (HSI, 1981). In the future, 

the test wells will be used to monitor post-mining ground-water conditions. 

Hydrologic data had previously been collected intermittently by other 

groups and agencies, principally Anaconda. 

Surface water surveys were conducted by HSI on Seboyetita Creek, Rio Moquino, 

and Rio Paguate. These surveys started at the origins of the streams on 

the flanks of Mount Taylor and extended to the southern mine boundary 
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beyond which Rio Paguate only occasionally flows. The surveys included 

field measurement of electrical conductivity of stream waters (Chapter 

5.0), sampling for water chemistry determinations (Chapter 5.0), and 

determination of flow rates of the Paguate and Moquino within the mine 

property (Section 3.3). These data, along with existing data from Anaconda 

files and published geologic and hydrologic information, form the basis 

for this report. Sources of information are listed in Chapter 7.0. 

Messrs. Philip P. Ross, senior hydrologist; Randall J. Bargelt, hydro­

geologist; and Thomas K. Wheeler, senior hydrogeologist prepared this 

report. Dr. John V.A. Sharp, principal hydrologist, reviewed and sub­

mitted the report. 
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3.0 SURFACE ~!ATER HYDROLOGY 

Rio Paguate and Rio Moquino drain approximately 107 square miles above 

the southern boundary of the Jackpile-Paguate Mine. The streams drain 

the eastern flank of Mt. Taylor and are intermittent in their uppermost 

reaches. Downstream some reaches are intermittent while others flow 

year-round. The minor tributaries of these streams are ephemeral, con­

tributing flow only at times of high runoff from rainfall or snowmelt. 

Rio Moquino joins Rio Paguate at about the center of the mine area. 

Rio Paguate is then tributary to Rio San Jose which drains into Rio Puerco 

in west-central New Mexico. Rio Puerco, in turn, discharges into Rio 

Grande approximately 60 miles southeast of the mine. 

Average annual precipitation at Laguna is 9.46 inches based on 48 years 

of U. S. Weather Service data. Approximately 50-60 percent of this pre­

cipitation is the result of summer thunderstorms during the period July 

through September. Rainfall increases northward from Laguna to about 

14 inches at the heads of Rio Paguate and Rio Moquino and about 30 inches 

near the summit of Mount Taylor. 

Standing surface water bodies are rare owing to high evaporation rates 

and the scarcity of precipitation. Artificial stock ponds and irrigation 

holding reservoirs make up the majority of the water bodies. 
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3. 1 WATERSHED CHARACTERISTICS 

3.1.1 Rio Moquino 

Rio Moquino heads in Seboyeta Canyon as springs issuing from the upper 

part of the Point Lookout Sandstone and traverses about 3 miles of Cre­

taceous sandstones and shales (Plate II). Rio Moquino has cut deeply 

into the sedimentary rocks and alluvium and the channel is steep and 

narrow within the canyon. 

Just upstream of the village of Moquino, the channel of Seboyetita Creek 

joins Rio Moquino. Seboyetita Creek heads as spring flow in Bibo Canyon 

and traverses the same sedimentary rock sequence as Rio Moquino. Most 

of the base flow is diverted for irrigation about 3.3 miles downstream 

of the origin and the small amount of flow left in the channel disappears 

about 1 mile above the confluence (Section 3.2). 

An ephemeral tributary to Rio Moquino drains the area east of Seboyeta 

Peak and joins Rio Moquino one-half mile north of the mine boundary. 

At the time observations were made on August 5, 1980, no surface water 

from this drainage was flowing into the Moquino. The Sohio mine tailings 

pond is located in this drainage, however the pond had no visible outlet 

and there was no evidence of surface leakage. 

The course of Rio Moquino within the mine was relocated by placing excavated 
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material in and along both sides of the original channel (Anaconda, 1980, 

Plate 4.2-1). As observed from the U.S. Geological Survey (USGS) Moquino 

topographic quadrangle and an air photo dated 1951 (Anaconda, 1980, Plate 

3.1-1), the pre-mining stream channel followed a meandering course through 

the mine. The present course of Rio Moquino is relatively straight, 

having been moved from its original location into a natural tributary 

to the east. 

3.1.2 Rio Paguate 

Rio Paguate heads in Bear Canyon and issues from a series of springs 

and seeps at the contact between the Quaternary-Tertiary basalts and 

the underlying Cretaceous sedimentary rocks. Downstream from the origin 

another spring-fed stream enters from a canyon to the northeast. Rio 

Paguate flows through the sedimentary rock sequence for a distance of 

about 3 miles. As the Paguate exits Bear Canyon, it flows into a broad 

area of colluvium. The stream then flows into the alluvium where some 

of the flow is diverted for irrigation. Downstream of the irrigation 

diversion, the gradient decreases and the channel becomes relatively 

wide and shallow. Just west of the mine, irrigation runoff is returned 

to Rio Paguate, and the channel becomes deeply incised in the alluvium. 

Rio Paguate has been relocated by plan over a length of about 6,000 feet 

in the western portion of the mine to permit mining of the Jackpile 
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sandstone beneath the natural channel. The original channel was blocked 

by backfill and the stream has been diverted into a new channel to the 

south. The channel is constructed of compacted backfill, compacted im­

pervious clay, and riprap with a design flow capacity of 7,000 cubic feet 

per second (Herkenhoff, 1973). The downstream end of the channel does 

not return to the original Rio Paguate channel, but discharges into an 

ephemeral drainage to the south. This diversion caused the confluence 

with Rio Moquino to move approximately 300 feet downstream of its pre­

mining location. 

Rio Paguate widens below its confluence with Rio Moquino. In this area, 

the underlying consolidated rock (Jackpile sandstone, Brushy Basin member 

of the Morrison Formation) is near the surface and the channel is much 

less incised. As the Paguate leaves the mine, ephemeral tributaries 

enter from the east and northeast, and the alluvium becomes thicker and 

the stream valley wider. 

3.2 STREAMFLOW 

During the period 1937-1941, the USGS gaged Rio Paguate 2 miles northwest 

of Paguate Village (Plate II). The average flow rate for that period 

was about 760 gpm. 

Currently, the USGS is operating a recording gage on Rio Paguate at the 

Atchison, Topeka and Santa Fe Railway bridge, 1.4 miles south of the 
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confluence with Rio Moquino. The monitoring of this gage began in late 

March of 1976, and the average flow rate has been about 580 gpm. 

The average flow rates of the two stations are not strictly comparable. 

First, the periods of record are different, and precipitation conditions 

during the periods may have been different. Second, land use between 

the two sites has changed, including the uranium mining operations com­

mencing in 1952 and possible changes in irrigation above the mine area. 

Factors that affect the streamflow between the two stations include: diver­

sion and return of irrigation water, natural discharge of ground water 

from the Jackpile sandstone (HSI, 1981, Section 4.2) to the stream, evapo­

transpiration losses along the channel, and inflow of Rio Moquino and 

ephemera 1 streams. 

Some general trends in streamflow can be gleaned from the USGS data. 

The months of moderate flow (about 450 to 1350 gpm) are January to March . 

. During this period the area is subjected to winter frontal-storm activity 

and evapotranspiration is low. March and April show periods of elevated 

flow owing to snowpack runoff. June and July have the lowest average 

flow (less than 200 gpm) owing to the high evapotranspiration and low 

precipitation rates during these months. May is generally a transition 

period between the winter and spring runoff and summer base flow. Late 

July, August and September have short-term high peak flows which are caused 
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by thundershower activity. However, base flow during this period is 

low. October, November, and December are months of low to moderate flow 

(200 to 500 gpm) and are characterized by generally low precipitation 

and evapotranspiration rates. 

HSI examined the streams above the Jackpile-Paguate Mine in detail by 

walking out the channels during the low base flow period of August and 

September, 1980. The following discusses the results of this survey. 

Rio Moquino 

Flow began at the head of Seboyeta Canyon, increasing in the area of 

the springs to about 400-500 gpm (September 11, 1980) (Plate II). About 

2 miles downstream, part of the flow was diverted for irrigation. At 

the time of the survey, the flow in the main channel just north of the 

village of Moquino was estimated to be 2-3 gpm. Flow increased through 

Moquino, possibly due to underflow from Seboyetita Creek or from dispersed 

irrigation return flow. 

Rio Moquino was intermittent across the upper part of the mine. This 

was due to discharge from the stream to permeable bed materials and in­

direct discharge from the stream by phreatophytes. The flow became con­

tinuous above the confluence with Rio Paguate due to discharge to the 

stream from the bed materials. 
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Seboyetita Creek 

Springs and seeps at the head of Seboyetita Creek contribute water to 

the stream over a distance of approximately one-third of a mile. On August 

23, 1980, the flow of the fully formed stream was estimated to be approxi­

mately 450 gpm and appeared to be constant until diverted for irrigation 

about 2.2 miles downstream from its origin. At this point, the flow in 

the main channel decreased and eventually ceased just downstream of sample 

location SC6 (Plate II). 

Rib Paguate 

Rio Paguate originates at the contact of Quaternary-Tertiary basalts and 

the underlying Cretaceous sedimentary rocks. Springs and seeps occur 

over a distance of about 0.7 mile along the drainage (Plate II). The 

total flow at the lower end of this seep area was estimated to be approxi­

mately 200 gpm on August 1, 1980. Within the seep area, some of the flow 

was diverted into three stock ponds in the channel. Below this point. 

discharge remained fairly constant until a spring-fed stream entered the 

Paguate from the northeast about 2.0 miles from its origin. The stream­

flow below the confluence was about 1,200 gpm and decreased gradually 

across the colluvium to about 800 gpm where it was diverted for irrigation. 

The flow left in the main channel after diversion was about 100 gpm. 

An irrigation return canal, 25 feet downstream from sample location RPll 
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west of Paguate Village (Plate II), increased the overall streamflow by 

approximately 80 gpm. 

The flow of Rio Paguate decreased as it traversed the mine property to 

the vicinity of its confluence with Rio Moquino. In the area of the con­

fluence, flow increased due to the discharge of ground water to the streams 

(Section 3.3). About one-quarter of a mile south of the mine, the flow 

ceased as a result of infiltration into the sediments of the stream bed. 

Aerial inspection of the channel on August 29, 1980 indicated that the 

channel was dry to Mesita Reservoir. 

3.3 FLOW SURVEYS 

HSI has conducted several flow surveys on Rio Moquino and Rio Paguate 

within the mine. Surveys were conducted October 29-November 1, 1977 

(HSI, 1979), September 12-14,1978 (HSI, 1979), and July 15-18,1980. 

The surveys of 1977 and 1980 utilized 90° V-notch weirs to measure flow 

rates at specific points. The 1978 survey was a follow-up to the 1977 

survey to identify gaining and losing stretches by visually estimating 

flows and to obtain additional water chemistry data. The 1977 and 1980 

surveys are discussed below. 

October-November 1977 Survey 

Two weirs were installed on Rio Paguate, one at the western boundary of 

the mine and one just below the road ford near the south gate. Another 
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weir was installed on Rio Moquino at the northern boundary of the mine. 

The average net gain in surface flow throush the mine at the time of this 

survey was 43 gpm (HSI, 1979). During the 1977 survey, Rio Moquino flowed 

without interruption from the northern mine boundary to the confluence 

with Rio Paguate. The channel of upper Rio Paguate was dry in two places, 

both within 2,500 feet of the confluence. 

July 15-18, 1980 Survey 

This survey included eight stations (Plate III). Two stations were estab­

lished on Rio Moquino (RM); a weir was constructed on bedrock at the nor­

thern mi ne boundary, RM104, and the second station, Rr~105, was located 

at culverts under the main haul road about 300 feet upstream from the 

confluence with Rio Paguate. The flow at RM105 was diverted through a 

pipe and was measured with a bucket and stopwatch. 

Four streamflow measuring sites were constructed on Rio Paguate (RP). 

Three of the stations, RP104, RP105, and RP106, were built in culverts 

by damming the downstream end of the culvert and diverting flow into a 

discharge pipe. A bucket and stopwatch were used to measure the flow. 

The fourth station, RP107, consisted of a weir constructed in the alluvium. 

Two stations, RP108 and RP109, were used to measure the flow downstream 

from the confluence. At RP108, a weir was constructed in the alluvium, 

and the stage was measured with a staff gage. RP109 was located on bed-
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rock (sandstone of the Brushy Basin Member of the Morrison Formation) 

below the ford crossing near the south gate. The stream was dammed and 

flow was diverted into a discharge pipe. A bucket and stopwatch were 

used to measure the flow. 

Five measurements were taken at approximately the same time each day for 

four consecutive days at each of the stations. A mean flow rate was calcu­

lated for each measurement time. From these averages, a mean daily flow 

rate was calculated for each location (Plate III). These calculations 

show an average gain in flow through the confluence area of 8.7 gpm, a 

result of ground-water discharge to the streams (HSI, 1979 and 1981). 

These calculations also show an apparent average loss in flow through the 

mine at the time of this survey of 82.7 gpm, or about 54 percent of the 

total incoming flows. The loss is attributed to evapotranspiration. This 

is a minimum value for the loss because the calculation does not take into 

account the input to stream flow of ground water which is discharged from 

the Jackpi1e sandstone. 

Hydrographs were constructed to observe diurnal changes in flow and to 

compare changes in flow between measurement points (Plate III). The 

decrease in flow from morning to afternoon along both streams indicates 

an increasing rate of evapotranspiration. 

Hydrographs A and 0 (Plate III) show the effects of a thundershower that 
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occurred at approximately 3:00 p.m. on July 18, centered around the con­

fluence of the streams. The measurements at stations ~~105. RP108, and 

RP109 indicate an increase in flow as the runoff moved down the streams. 

The readings taken between 5:00 p.m. and 6:30 p.m. show that the runoff 

from the thunderstorm had passed and the flow had returned to rates 

recorded earlier in the day. 

During the July 1980 survey, Rio Paguate flowed uninterrupted along its 

course in the mine. Rio ~1oquino, however, was dry in three reaches across 

the mine owing to infiltration and evapotranspiration. The flow resumed 

directly from the stream bed. Seeps were not observed on either bank, 

suggesting that in the intermittent sections of the Moquino the flow is 

regained from underflow in the stream deposits. 

Summary 

Available information on net gain and loss in flows throug~ the mine area 

is summarized below: 
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r 

i 
l • 

Agency 

HSI 

HSI 

USGS* 

USGS* 

USGS* 

Peri od 

7/15-18/80 
survey 

10/29-11 /1 /77 
su rvey 

3/28/75 

12/17/74 

11/22/74 

Flow Condition Net Gain (+) or Loss {-1 
very low (-) 82.7 gpm {average} 
(Paguate 100 yards 
below road ford = 
69.3 gpm) 

low (+) 43 gpm (average) 
(Paguate at road ford 
= 250 gpm) 

moderate {+} 110 gpm 
(Paguate below mine = 
400 gpm) 

moderate (+) 50 gpm 
(Paguate below mine = 
630 gpm) 

mode ra te ( +) 1 35 gpm 
(Paguate below mine = 
650 gpm) 

* Source~ USGS, Albuquerque, New Mexico (referred to in Dames and Moore, 
1976, Table 4.2-1). 

The values for net gain and loss include the effects of gain in stream flow 

due to discharge of ground water from the Jackpile sandstone and loss in 

stream flow due to evapotranspiration along the channels. 

3.4 STANDING HATER BODIES 

Few standing water bodies occur in the vicinity of the mine because of 

low runoff and high evaporation rates. Irrigation holding ponds are com­

mon, and most are north of the villages of Paguate, Moquino, Bibo~ and 

Seboyeta (Plate II). The ponds are created by placing earthen berms across 

small ephemeral drainages. These ponds are fed by diversions from Rio 
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Paguate, Rio Moquino, and Seboyetita Creek (Table 1). Two of the irri­

gation ponds, known as the Paguate Lakes, are located northwest of Paguate 

village and are stocked with trout. Two sewage evaporation ponds are 

located to the southwest and northeast of Paguate village. 

Small stock ponds are constructed on ephemeral drainages throughout the 

area around the mine. Berms of alluvium are pushed across these drainages 

to collect water during periods of runoff. These stock ponds are normally 

dry by late summer or early fall. 

Holding ponds occur within the mine in excavated pits and contain water 

that is pumped from the underground workings or from seepage in the open 

pits. During the history of the mine, these ponds have varied in number, 

location, area, and depth. The water is either used for dust suppression 

for the roads within the mine or allowed to evaporate in place. Rabbit 

Ear and P-10 holding ponds have been reported on previously (HSI, 1979). 

These ponds no longer exist. 

Other mines in the Laguna area have ponds used in conjunction with their 

operations. The Sohio mine has a tailings pond on an ephemeral tributary 

to Rio Moquino about 2.4 miles northeast of Moquino village (Plate II). 

Mesita Reservoir, south of the mine, had no surface water flowing into 
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Table 1. Summary of Standing Water Bodies not in the Jackpile-Paguate Mine 
Area, Survey of August 1-5, 1980. 

Reference Standing Approximate 
Number Water Body Date Source Percent Full Comments 

SB-l Mesita 8/5 Rio Paguate 1 

SB-2 
SB-3 

SB-4 

SB-5 

SB-6 

SB-7 

SB-8 

SB-9 

SB-10 

S8-11 

SB-12 
S8-13 

SB-14 

SB-15 
SB-16 

SB-17 

Reservoir 

Stock Pond 8/1 Well 
Paguate Lake 8/2 Rio Paguate 

North Irrigation 
Paguate Lake 8/2 

South 
Paguate 8/1 

Sewage Pond 
Paguate 8/5 

Sewage Pond 
Stock Pond 8/1 

Rio Paguate 
Irri gati on 

Sewe r Sys tern 

Sewe r Sy stem 

Intermittent 
Creek 

Stock Pond 8/2 Rio Moquino 

Irrigation 8/2 Seboyetita 
Pond Creek 

Irrigation 8/2 Rio Moquino 
Pond 

Dry 
50 

50 

75 

80 

Dry 

Dry 

25 

25 

Stock Pond 8/2 Di tch from Ri 0 25 
Moqui no Spri ngs 
in Pond 

Stock Pond 8/2 
Stock Pond 8/2 

Rio Moquino 
Seboyetita 

Creek 
Stock Pond 8/2 Drainage NW 

of Pond 
Stock Pond 8/2 Drainage 
Stock Pond 8/5 Cu1 vert trend­

ing NW-SE 
Tailings 8/5 Wells 

Pond 
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Dry 
Dry 

Dry 

Dry 
Dry 

60 
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Mostly marsh area; no 
inflow at this time; 
sheep grazing 

Evaporation ponds 

Lush vegetation east 
of ponds 

West end of dike is 
washed out 
Irrigation canal 

Irrigation canal 

Upwelling of springs in 
northwest area of pond 

Newly renovated 

Dike is breached 

Sohio 
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l: 

it at the time of observation, August 5, 1980. The reservoir's capacity 

to store water has been significantly reduced by sedimentation, the major­

ity of which occurred prior to mining activity (Anaconda, 1980, p.32). 

Approximately 90 percent of the reservoir is now marsh land and is used 

primarily for grazing by domestic animals. A small pool of water existed 

at the concrete dam at the south end of the reservoir on August 5, 1980. 
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l. 
I 

4.0 SURFACE WATER-GROUND ~!ATER RELATIONSHIPS 

4.1 INTERACTION BETWEEN SURFACE WATER AND GROUND \~ATER IN CONSOLIDATED 
ROCKS 

The initial interaction between surface water and ground water occurs 

in the uppermost reaches of the streams above the spring source areas 

where the streams flow over volcanic rocks (Plate II). Surface flow in 

these upper reaches is intermittent, occurring during spring runoff of 

melting snow and during the periods of intense summer rainfall. Some 

of this surface water infiltrates into the volcanic rocks through frac­

tures along the stream beds. The water is transmitted downward toward 

the underlying Cretaceous sedimentary rocks through fracture systems. 

Ground water moves laterally through fractures in the lower part of the 

basalts, through permeable materials which may occur at the interface 

with the sedimentary rocks, and through the uppermost permeable sedimentary 

rocks. This water is then released to the streams as springs at or near 

the contact of the volcanics and sedimentary rocks. These springs are 

the source of base flow for the perennial streams. The discharge of these 

springs probably varies seasonally, but measurements are not available to 

establish this variation. 

Interaction also occurs as the streams traverse the Upper Cretaceous 

shales and sandstones in the canyons. During periods of spring runoff 

or intense rainfall runoff, water from the streams probably recharges 
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the sandstones to a limited extent. During low-flow periods, some of 

this water would be discharged back to the streams and, thereby, would 

contribute to the base flow of the streams. 

From the mouths of the canyons to the mi ne boundary, the r1ancos Shale 

predominates and little direct transfer of water occurs between the streams 

and the r1ancos. However, interchange may occur where the Three Si sters 

Sandstones and Dakota Sandstone are in contact with the streams. 

Within the mine, water in the Jackpile sandstone interchanges with water 

in the streams. This interaction occurs where the Jackpile is in contact 

with the streams or is directly overlain by stream deposits. The princi­

pal discharge area for the Jackpile sandstone ground-water system is in 

the vicinity of the confluence of Rio Paguate and Rio Moquino where the 

Jackpi1e is closest to the surface (HSI, 1981). 

The reader is referred to the HSI report of 1981 for a complete discussion 

of the ground-water hydrology of the Jackpile-Paguate Mine. The findings 

of this report are included herein as Appendix A. 

4.2 INTERACTION BETWEEN SURFACE WATER AND GROUND ~/ATER IN UNCONSOLIATED 
SEDH1ENTS 

Alluvium and colluvium comprise the unconsolidated sediments that are 

in contact with the surface water of the Rio Paguate watershed. The rela­

tively higher porosity and permeability of the unconsolidated materials 
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t . 

permit a greater degree of communication than is possible with the con­

solidated rocks. 

Along the stream channels, unconsolidated stream deposits act as a buffer 

zone between surface water and ground water in the underlying consolidated 

rocks. During periods of medium to high flows, stream water enters the 

alluvium and probably locally recharges the Jackpile sandstone. During 

periods of low flow, the streams receive water from the alluvium. In 

turn, the alluvium receives water from the underlying Jackpile sandstone. 

Interaction between the streams and unconsolidated sediments also occurs 

when surface flows are diverted for irrigation upstream of the mine. 

The water is spread on the fields and that which is not used by plants 

or evaporated from the soil surface, percolates through the soil and even­

tually returns to the streams as seepage. 

Leakage from man-made ponds and waste disposal systems may also enter 

the shallow ground-water body and contribute to stream flow. 

In the summer months, phreatophytes, which are particularly abundant along 

the lower stream reaches in the mine area, act as catalysts in the inter­

action between surface water and ground water. During the heat of the 

day, the plants remove large quantities of water from the alluvium by 

transpiration. This induces infiltration into the alluvium and stream 
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flow rates decrease (Plate III). At night, transpiration decreases and 

flows in the streams increase. In summary, transpiration and evaporation 

from the free water surface and wet stream alluvium combine to produce 

a diurnal fluctuation in flow. These processes also have the effects 

of precipitating mineral salts and concentrating dissolved chemical con­

stituents in the surface and subjacent ground waters. 
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5.0 WATER QUALITY 

The assessment of water quality is based on data collected by HSI. These 

data include: 1) an electrical conductivity survey of Rio Moquino, Seboye­

tita Creek, and Rio Paguate (Plate II, Figures 2-4); 2) a chemical and 

radiological survey of surface water (Plate IV, Tables 2 and 3) and ground 

water (Plate V, Tables 5 and 6) on and off the mine; 3) results of a 

laboratory dissolution investigation using distilled water and salt de-

posits collected along the Moauino and Paguate and materials derived from 

several stockpiles along the Paguate (Section 5.1.4); and 4) results 

of a laboratory equilibration investigation using waste dump and protore 

materials and P-10 underground water (Section 5.2.4). 

This assessment is generally aoplicable to base flow conditions. The 

streams are at base flow for most of the year (Section 3.2), and this 

is the flow condition generally associated with peak concentrations of 

dissolved chemical constituents. 

5.1 SURFACE WATER 

The chemical quality of the streams generally degrades as they flow from 

their sources in the canyons to the confluence of Rio Moquino and Rio 

Paguate. This degradation is related primarily to the geologic materials 

traversed by the streams and secondarily to the influences of man. Plate 

II shows the sample locations and values obtained from the electrical 
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conductivity (EC) survey. Figures 2 through 4 show the relationship of 

EC to external influences as the streams progress downstream. Plate IV 

graphically depicts the chemistry of the streams at their sample points 

by showing the major cations and anions. The chemical and radiologic 

data upon which this assessment is based are listed in Tables 2 and 3. 

5.1.1 Rio Moquino 

Surveys of the Moquino were taken on August 2, 1980 (chemical-samples 

RI~lOO-RM104, Table 2) and September 11, 1980 (EC-RM1-RMll, Plate II). 

Near its low-flow source, Rio Moquino water was a calcium bicarbonate 

type with a total dissolved solids concentration (TDS) of 259 milligrams 

per liter (mg/l) (RM100, Table 2; Plate IV) and an EC of 360 micromhos 

per centimeter at 25° C (11m) (RM1, Figure 2). 

As Rio Moquino traversed the Upper Cretaceous sedimentary rocks of Seboyeta 

Canyon, the chemical composition of the water changed very little. However, 

just below RM3 (RM10l of the chemical survey), streamflow was diverted 

for irrigation and the small amount of flowing water left in the main 

channel downstream at RM4 showed an increase in EC to 850 11m (Figure 2). 

The chemical sample taken farther downstream at RM102 (RM5 of the EC 

survey) showed a change in water chemistry to a predominantly calcium 

sulfate type and a degradation in TDS to 999 mg/l (Table 2, Plate IV). 

EC at ru15 was 1150 11m (Figure 2, Plate II). The degradation between RM3 
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Table 2 . Oisso1ved Constituents. Rio Paguate. Rio Moquino. and Seboyetita Creek. Jackpi1e-Paguate Mine Area. 
iiew Mexico. August 1. 2. 4. 1980. 

Page 1 of 3 

8/2/80 

Detection RM 
Rio Moguino 

RM RM RM RM 
Con s t ituent Limit 100 101 102 103 Il14 

Temperature. 17.0 22.0 20.0 31. 3 26.5 
field (Celsius) 

pH. lab 8.0 8.5 7.9 8.3 8.3 

Total Dissolved 230/259 193/201 972/999 104011 032 163011649 
Solids (evap/ca1c) 

Electrical Conducti vi ty. 324 317 1320 1500 2540 
lab 

HC03 0.1 236 115 306 108 159 
C03 0.1 NO 25 NO 13 13 
C1 3.0 14 9.8 11 22 21 
504 4.0 NO 5.0 500 626 104C 
F 0.1 0.3 0.4 0.3 0.4 J.4 
~03 0.1 NO NO 0.2 NO NO 
P04 0.03 NO NO NO NO NO 

:Ia 1.0 35 20 106 100 225 
K 1.(1 10 10 12 18 2n 
Ca 1.0 44 34 144 121 121 
ng 1.0 3.4 7.6 49 60 111 

5;02 1.0 37 32 25 18 19 

As 0.01 NO NO NO NO Nn 
Sa 0.05 0.12 0.13 0.62 0.43 0.51 
Be 0.01 NO NO NO '10 NO 
Cd 0.002 ,W NO 0.002 NO :In 
Cr 0.02 NO 'W NO NO NO 
CI 0.01 
Pb 0.05 NO ~W NO ~H'\ un 
fig 0.0002 NO NO 'W % :Ill 

Se 0.002 0.002 NO ~O NO J.002 
Ag (J .• J05 NO NO rID ~O 0.006 

Cu 0.005 NO NO NO 0.024 ,10 

Fe 0.01 0.01 NO 0.02 0.02 0.01 

r'ln 0.005 0.007 NO 0.011 0.011 0.009 

Phenols 0.005 
:j[l Zn O.Cl ilO NO NO NO 

Al 0.1 NO NO NO NO NO 
S 0.05 NO 0.17 0.24 0.13 0.23 
Co 0.01 NO rm NO NO rw 
r~o 0.05 NO NO NO NO rll~ 

IIi 0.02 rID NO 0.03 0.02 0.03 

'I 0.05 NO NO ND '10 NO 

RadiologiC 
O. 13~0.03 0.05:0.03 0.04:0.03 0.04:0.03 226 Ra (pCi/l : 20) 0.03 0.19:0.03 

228Ra (pCi/l : 20) 1 to 2 NO NO NO NO rIO 

:J(mg/1 t 20) 0.01 NO NO NO NO ;40 

Note: All chemical analyses are in mg/1 except pH which is in units and electrical conductivity which is 
in ~mhos/cm @ 25°C. 

NO. less than detection limit. Detection limit for radiologic constituents is 20 counting statistics. 
Chemical analysis by The Industrial Laboratories Company. Denver. Colorado. 

Radiologic analysis by LFE Environmental Analysis Laboratories. Richmond. California. 
5ee Plate IV for chemical quality diagrams. 
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Table 2. Dissolved Constituents, Rio Paguate, Rio ~loquino. and Seboyetita Creek, Jackpile-Paguate Mine Area. 
New Mexico, August 1, 2, 4, 1980 (Cont'd). 

Paqe 2 of 3 

8/4/80 
Sebo~etita Creek 

Detect i on SC SC 
Constituent L imi t 100 101 

Temperature. 18.2 26.5 
field (Celsius) 

pH. lab 8.0 8.3 

Total 'lissolved 184/203 580/572 
Solids (evap/calc) 

Electrical Conducti vi ty , 286 907 
lab 

HC03 0.1 160 159 

C03 0.1 NO 6.0 

Cl 3.0 11 25 

S04 4.0 10 267 

F 0.1 0.2 0.2 

N03 0.1 NO NO 

P04 0.03 NO NO 

:la 1.0 10 28 
Y. 1.0 13 11 
Ca 1.0 23 102 
1·1g 1.0 15 26 

Si02 I.e 41 28 

.~s 0.01 NO NO 
Sa (), 05 0.33 0.17 
Be 0.01 NO NO 
Cd o .G02 NO NO 
Cr 0.02 NO NO 
Cl 0.01 
t'b 0.05 NO NO 
dg 0.0002 NO NO 
Se 0.002 NO NO 
Ag 0.005 NO NO 

Cu 0.005 NO 0.005 
Fe 0.01 0.01 0.02 
Mn 0.005 0.008 0.007 
Phenols 0.005 
Zn 0.01 NO NO 

Al 0.1 NO NO 
B OJJ5 0.30 0.25 
Co f).01 NO NO 
~·~o O.CS NO NO 
in 0.02 NO NO 

V 0.05 NO NO 

RadiologiC 
0.06~0.03 226Ra (pCi/l ! 2,,) 0.03 0.05=0.03 

228Ra (pCi/l ~ 20) 1 to 2 NO NO 

U(mg/l t 20} 0.01 NO NO 

folote: All chemical analyses are in m9/1 except pH which is in units and electrical conductivity which is 
in umhos/cm @ 25°C. 

NO. less than detection limit. Detection limit for radiologic constituents is 20 counting statistics. 

Chemical analysis by The Industrial Laboratories Company. Denver, Colorado. 
Radiologic analysis by LFE Environmental Analysis Laboratories, Richmond. California. 

See Plate IV for chemical quality diagrams. 
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Table 2· Dissolved Constituents, Rio Paguate, Rio Moquino, and Seboyetita Creek, Jackpile-Paguate Mine Area, 
New Mexico, August 1, 2, 4, 1980 (Cont'd). 

Page 3 of 3 

8/1/80 
Rio Paguate 

Detect ion RP RP RP RP 
Constituent Limit 100 101 102 103 
Temperature, 17.5 19.0 22.0 25.3 

field (Celsius) 

pH, lab 7.4 8.2 8.3 8.3 

Total Dissolved 162/177 183/191 288/295 440/469 
Sol ids (evap/calc) 

Electrical Conducti vi ty, 238 265 432 680 
lab 

He03 0.1 140 153 159 293 
C03 0.1 NO NO 13 19 
Cl 3.0 11 16 29 18 
504 4.0 NO NO 38 100 
F J.l 0.2 0.2 0.2 0.4 
:W3 0.1 NO NO NO NO 
P04 0.03 ~ID iW NO NO 

'la 1.0 15 21 20 30 
~: 1.0 10 10 11 11 
'~a 10 22 20 36 89 
:·1g 1.0 5.4 11 21 26 

5i02 1.0 44 37 48 30 

~s 0.01 NO ~O NO NO 
Ba 'J.J5 0.10 0.12 0.15 i). 32 
3e 0.01 NO ~lD NO ,'lD 
Cd O. ~02 0.002 NO NO 'lD 
J ').02 NO NO NO ~O 

C:l 0.01 
Pb 0.05 NO NO ~O 0.01 
"9 0.0002 NO NO rlD NO 
~e 0.002 0.002 0.002 NO ~O 

f~g 0.005 NO NO NO r>JO 

Cu 0.005 0.22 0.005 0.016 NO 
'e 0.01 0.10 0.02 0.02 0.01 
r'~n fl.005 0.045 0.008 0.006 0.015 
Phenols 0.005 
In O.Cl NO NO NO NO 

Al 0.1 rID NO NO NO 
B 0.05 0.10 0.28 0.30 1.5 
Co 0.01 NO NO NO ~O 
;10 0.05 NO NO NO NO 
:li 0.02 NO NO NO NO 

V 0.05 NO NO NO NO 

Radiologic 
226 Ra (pCi/l ': 20) 0.03 0.16!:0.03 NO 0.04:0.03 0.05:0.03 

228Ra (pCill : 20) 1 to 2 NO NO NO NO 

U(mg/1 t 20) 0.01 NO NO NO NO 

Note: All chemical analyses are in mg/l except pH which is in units and electrical conductivity which is 
in ~mhos/cm @ 25°C. 

NO, less than detection limit. Detection limit for radiologic constituents is 20 countinq statistics. 
Chemical analysis by The Industrial Laboratories COfllpany, Denver, Colorado. 
Radiologic analysis by LFE Environmental Analysis Laboratories, Richmond, California. 
See Plate IV for chemical quality diaorams. 
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RM1-RM13 
o 

(RM 1 OO)-(RM 1 05) 

EXPLANATION 

EC DETERMINATION - Plate II. 

CHEMICAL SAMPLE - Tables 2 and 3, Plate IV. 

GEOLOGY 

Kpu Upper part of Point Lookout Sandstone 
Kmsa Satan Tongue of Mancos Shale 
Kph Hosta Tongue of Point Lookout Sandstone 
Kcg Gibson Coal Member of Crevasse Canyon Formation 
Kcd Dalton Sandstone Member of Crevasse Canyon 

Formation 
Kmm Mulatto Tongue of Mancos Shale 
Kcdi Dilco Coal Member of Crevasse Canyon Formation 
Kg Gallup Sandstone 
Km Mancos Shale 
Kms 3 Third Sister Sandstone of Mancos Shale 
KmS 2 Second Sister Sandstone of Mancos Shale 
Kms l First Sister Sandstone of Mancos Shale 
Kd Dakota Sandstone 
Jmj Jackpile sandstone of Morrison Formation 
Jmb Brushy Basin Member of Morrison Formation 

sh shale 
slst siltstone 
mdst mudstone 
ls limestone 

Figure 2. Relation of Electrical Conductivity to 
Geologic and Man-Made Influences on Rio 
Moquino, New Mexico, September 11, 1980. 
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and RM5 may be the result of irrigation return flow, concentration by 

evaporation of the very low flows, or dissolution of chemical constituents 

from the Mancos Shale. 

As Rio Moquino traversed the alluvium between R.\15 and R~~8 (RM103 of chemi­

cal survey), little degradation occurred in TDS and the chemical type re­

mained calcium sulfate with a decrease in the proportion of bicarbonate. 

The confluence of Rio r~oquino and Seboyetita Creek is just below RM8 and 

the increase in EC between ~8 and ~~9 may be attributable to underflow 

from Seboyetita. However, the gradual degradation in EC between RM8 (RM103), 

9, and 10 (RM104) may also be correlated to the stream's traverse across 

sediments derived from the Three Sisters Sandstones. The chemistry of 

Rio Moquino water also made an abrupt change in this reach. ru~103 was 

a calcium sulfate water whereas RM104, just within the mine boundary, was 

a mixed cation sulfate type, showing an increase in sodium and magnesium. 

The water chemistry of Rio r~oquino within the mine has been surveyed on 

three occasions by HSI. The first two of these surveys are discussed in 

a previous report (HSI, 1979). The third survey was on July 18,1980, 

the final day of the stream flow survey of July 15-18, 1980 (Section 3.3). 

HSI found on July 18, 1980 that the Moquino increased in TDS from 1617 

mg/1 to 2451 mg/1 between RM104 and RM105 (Table 3). The water type at 
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Table 3. Dissolved Constituents. Rio Paguate and Rio Moquino. Jackpile-Paguate Mine, New Mexico, July 18. 1980. 

Constituent 

Temperature. 
field (eel sius) 

pH, 1 ab 

Total Dissolved 
Sol ids (evap/calc) 

Electrical Conductivity. 
lab 

HC03 
C03 
Cl 
5°4 
F 
N03 
P04 

:Ja 
K 
Ca 
1"1 

5:°2 

As 
Sa 
3e 
Cd 
Cr 
CJ 
Pb 
Hg 
Se 
'\g 

Cu 
Fe 
:~n 

?henols 
Zn 

';1 
B 
Co 
Mo 
Ni 

Radiologic 

22G Ra (pCi/l 20) 

228Ra (pCi/l ~ 20) 
U(mg/I t 2~) 

Detect ion 
Limit 

0.1 
0.1 
3.0 
4.0 
0.1 
0.1 
0.03 

1.0 
1.0 
1.0 
1.0 

1.0 

0.01 
0.05 
0.01 
0.002 
0.02 
0.01 
0.05 
0.0002 
0.002 
0.005 

0.005 
0.01 
0.005 
0.G05 
O.CI 

0.1 
0.05 
0.01 
0.05 
0.02 

0.05 

0.03 
1 to 2 

0.01 

RM 
103 

15.0 

8.3 

1170/1080 

1520 

284 
NO 

11 
583 

0.3 
NO 
NO 

109 
8.0 

136 
67 

25 

NO 
0.70 

NO 
0.004 

NO 

NO 
0.0011 

NO 
NO 

NO 

NO 

0.015 
0.05 
0.025 

0.12 
NO 
NO 
NO 

NO 

0.07~0.03 
NO 

NO 

7/18/80 
Rio Moguino 

RM 
104 

17.0 

7.8 

1600/1617 

2260 

242 
NO 

15 
1000 

0.5 
NO 
NO 

205 
11 

111 
129 

26 

NO 
0.20 

NO 
NO 
NO 

NO 
NO 
NO 
NO 

0.025 
NO 

0.10 

NO 
NO 
NO 

NO 

0.02 

0.1 
0.12 

0.05~0.03 
NO 
NO 

RM 
105 

16.0 

8.3 

2590/2451 

2950 

260 
18 
28 

1550 
0.8 

NO 
NO 

330 
17 

198 
160 

20 

NO 
0.90 

NO 
0.006 

NO 

NO 
0.0007 

NO 
0.020 

NO 

0.015 
0.05 
0.080 

0.01 

0.1 
0.20 

NO 
0.02 

NO 

0.93~0.04 
NO 

O. OhO. 01 

Page 1 of 2 

Note: All chemical analyses are in mg/l except pH which is in units and electrical conductivity which is 
in Jmhos/cm @ 25°C. 
NO, less than detection limit. Detection limit for radiologic constituents is 20 counting statistics. 

Chemical analysis by The Industrial Laboratories Company. Denver, Colorado. 

Radiologic analysis by LFE Environmental Analysis Laboratories. Richmond, California. 

See Plate IV for chemical quality diagrams. 
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Table 3. Dissolved Constituents. Rio Paguate and Rio Moquino. Jackpile-Paguate Mine. New Mexico. July 18. 1980 (Cont'd). 
Page 2 of 2 

7 /18/80 
Rio Pa2uate 

Detection RP RP RP RP RP 
Constituent Limi t 103 104 107 108 109 

Temperature. 14.0 17.5 17.5 17.0 18.0 
field (Celsius) 

pH. lab 8.0 7.8 7.9 7.9 7.7 

Total Dissolved 614/613 510/549 581/605 1340/1228 1630/1586 
Sol ids (~vap/calc) 

Electrical Conducti vity. 924 810 853 2070 
lab 

HC03 0.1 363 331 274 319 
C03 0.1 NO NO NO NO 
Cl 3.0 11 8.0 10 15 
5°4 4.0 189 180 250 665 
F 0.1 0.3 0.3 0.3 0.5 
'103 0.1 NO NO NO NO 
P04 0.03 :W NO NO ~O 

:Ia 1.0 44 45 60 135 
K 1.0 3.3 3.3 3.3 6.0 
Ca 1.0 115 65 58 125 
:·Ig 1.0 30 46 53 93 

5i02 1.0 41 38 35 30 

As 0.01 ~D ~IO ~ID NO 
Sa 0.05 0.65 0.90 0.75 0.50 
22 ).01 'I~ NO ~O NO 
CJ 0.002 0.002 0.004 ~IO 0.008 
Cr 0.02 '10 NO NO NO 
~I J.01 
"b 0.05 ~lO NO NO ~O 

I1g 0.0002 0.0008 NO NO 0.0005 
Se 0.002 :10 NO NO NO 
.~g 0.005 0.005 NO rID NO 

Cu 0.005 0.005 NO NO 0.005 
Fe G.~l 0.04 ;10 riD ~O 

~'!n 0.005 0.030 0.005 0.025 0.17 
?hen01s 0.005 
Zn 0.01 0.01 0.01 ND 0.20 

·,1 0.1 ',D NO NO 0.2 
B 0.05 0.05 0.15 0.10 0.05 
Co 0.01 ~O ~O ND 0.02 
.'10 0.05 ND ND NO NO 
:Ii 0.02 NO ND NO NO 

'J 0.05 NO 0.05 NO NO 

Radiologic 

226 Ra (pCi /l ~ 20) 0.03 0.04~0.03 0.09~0.03 1.5~0.09 2. 3~O.1 

228Ra (pCi/l : 20) 1 to 2 NO NO riD NO 

U(mg/l t 2:J) 0.01 NO NO 0.02:0.01 0.1::0.01 

Note: All chemical analyses are in mg/1 except pH which is in units and electrical conductivity which is 
in umhos/cm @ 25°C. 

2360 

293 
NO 

20 
925 

0.6 
NO 
NO 

205 
8.5 

135 
121 

25 

NO 
0.55 

~O 
NO 
NO 

NO 
~O 
NO 
NO 

~O 
ND 

0.10 

'10 

NO 
0.20 

NO 
NO 
"10 

NO 

5.9~0.3 
NO 

0.17: .01 

NO. less than detection limit. Detection limit for radiologic constituents is 20 counting statistics. 
Chemical analysis by The Industrial Laboratories Company. Denver. Colorado. 

Radiologic analysis by LFE Environmental Analysis Laboratories. Richmond. California. 

See Plate IV for chemical quality diagrams. 
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t . 

both stations was a mixed cation sulfate type continuing the well-established 

trend from far upstream of increase in TDS and in relative concentrations 

of magnesium, sodium, and sulfate. The proportions of ions were essentially 

the same at RM104 and RM105 (Plate IV), suggesting that the chemical degra­

dation across the mine was due primarily to concentration by evaporation 

and transpiration. 

An EC survey on July 13, 1980 showed a greater than expected degradation 

in the lowermost reach of the Moquino (Plate II). Survey notes indicate 

a light rain was falling when station C (EC. 2100 ~m) was sampled at 2:45 

p.m. By 3:00 p.m., light to moderate rain was falling at Station D 

(EC, 2100 ~m) and it was still raining at station E (EC, 2800 ~m) at 3:35 

p.m. Station F was sampled at 3:50 p.m. and shows the greatest amount 

of degradation (EC. 4400 ~m), about an hour after the first report of rain. 

This degradation was possibly a result of dissolution of previously pre­

cipitated salts as the stream stage rose (Section 5.1.4). This type of 

runoff event, as well as the resultant degradation of water chemistry. 

is of short duration. 

The radiologic content of the water in Rio Moquino is fairly low throughout 

its course with no uranium detected and generally less than 0.1 picocurie 

per liter (pCi/l) of Ra-226 at all sampling stations except Rt·1l05 immedi-
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ately above the confluence with Rio Paguate (Tables 2 and 3). Concentra­

tions of Ra-228 at all Moquino sampling sites were below the detection 

limit of 1 to 2 pCi/l. 

RM105 shows a uranium concentration of 0.07 mg/l and Ra-226 of 0.93 pCi/l 

(Table 3). However, without knowing the concentrations of radiological 

constituents prior to mining activities, it is difficult to say if this 

is more than the stream would have increased under natural conditions as 

it flowed over the Jackpile sandstone at and immediately above RM105. 

5.1.2 Seboyetita Creek 

Surveys of Seboyetita Creek were taken on August 4, 1980 (chemical-samples 

SC100 and SC10l, Table 2)) and August 23, 1980 (EC-SC1-SC6, Plate II). 

During base flow periods, Seboyetita Creek originates as spring flow in 

the upper part of the Point Lookout Sandstone. The water in this reach 

was a calcium magnesium bicarbonate type with TDS content of 203 mg/l (SC100, 

Table 2; Plate IV) and an EC of 260 ~m (SC3, Figure 3). 

The water picked up very little dissolved constituents down Bibo Canyon 

as indicated by the consistent readings of EC between SCl and SC3 (Plate 

II, Figure 3). At SC4 there was a slight increase in EC corresponding 

to the stream's traverse over the Mancos Shale. Just below SC4, water 

from Seboyetita Creek was diverted for irrigation. The rise in EC between 

SC4 and SC5 could be the result of irrigation return flow which had picked 
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SC1-SC6 
o 

(SC100)&(SC101) 

EXPLANATION 

EC DETERMINATION - Plate II. 

CHEr~ICAL SAMPLE - Table 2, Plate IV. 

GEOLOGY 

Kpu Upper part of Point Lookout Sandstone 
Kmsa Satan Tongue of Mancos Shale 
Kph Hosta Tongue of Point Lookout Sandstone 
Kcg Gibson Coal Member of Crevasse Canyon Formation 
Kcd Dalton Sandstone Member of Crevasse Canyon 

Formation 
Kmm Mulatto Tongue of Mancos Shale 
Kcdi Dileo Coal Member of Crevasse Canyon Formation 
Kg Gallup Sandstone 
Km ~~ancos Shale 

ss sandstone 
sh shale 
slst siltstone 

Figure 3. Relation of Electrical Conductivity to 
Geologic and Man-Made Influences on Seboyetita 
Creek, New Mexico, August 23, 1980. 
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up dissolved constituents as it moved through the fields. Below SC5, 

very little flow occurred in the stream and it was nearly stagnant in 

places, allowing concentration of the dissolved constituents byevapo­

ration. This can be seen by the increase in EC at SC6. Chemical sample 

SC10l was taken at location SC6 and the analysis (Table 2, Plate IV) indi-

cates a calcium sulfate water. This water type may be the result of irri-

gation return flow or may be correlated to the stream's traverse through 

gypsiferous Mancos-derived sediments. 

At the time of our surveys, surface flow in Seboyetita Creek stopped just 

below SC6, and the stream was dry to its confluence with Rio Moquino. 

5.1.3 Rio Paguate 

Surveys of the Paguate were taken on August 1, 1980 (chemical samples 

RP100-RP103, Table 2) and September 5-6, 1980 (EC-RP1-RP17, Plate II). 

At its low flow origin, Rio Paguate water was a calcium bicarbonate type 

much like Seboyetita Creek and Rio Moquino (RP100, Table 2; Plate IV). 

It was, however, lower in TDS than the other two, probably owing to its 

origin as spring flow at the contact of Tertiary basalts and underlying 

Cretaceous sedimentary rocks, rather than flowing directly from the sedi­

mentary rocks. The Paguate water did not degrade significantly or change 

chemical composition between RPl (RP100) and RP7 (RP10l) (Figure 4, Table 

2, Plate IV). Below RP7, the Paguate flows across colluvium, most of 

which is of volcanic origin. The colluvium is intermixed with Mancos 
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RP1-RP17 
o 

CRP 1 OO)-CRP 1 04) 
CRP 1 07)-CRP 1 09) 

EXPLANATION 

EC DETERr~INATION - Plate II. 

CHEMICAL SAMPLES - Tables 2 and 3. 

Qc 
Qtb3 
Qtb2 
Kcd 

Kcdi 
Kg 
Km 

Kms 3 
Kms 2 
Kms l 
Kd 
Jmj 
Jmb 

Figure 4. 

GEOLOGY 

Co 11 uvi um 
Basalt Flow 
Basa lt Flow 
Dalton Sandstone Member of Crevasse Canyon 
Formation 
Dilco Coal Member of Crevasse Canyon Formation 
Ga 11 up Sandstone 
Mancos Shale 
Third Sister Sandstone of Mancos Shale 
Second Sister Sandstone of Mancos Shale 
First Sister Sandstone of Mancos Shale 
Dakota Sandstone 
Jackpile sandstone of Morrison Formation 
Brushy Basin Member of Morrison Formation 

ss sandstone 
sh shale 
slst siltstone 
mdst mudstone 
ls 1 i mestone 

Relation of Electrical Conductivity to 
Geologic and Man-Made Influences on Rio 
Paguate, New Mexico, September 5-6, 1980. 
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Shale, which may account for the slight degradation in EC from RP7 to RP9 

(Figure 4). Below RP9, water was diverted for irrigation, leaving only 

a small flow in the main channel. Chemical sample RP102, taken just above 

the diversion and below RP9, showed an increase in TDS of about 100 mg/l 

over RP10l (Table 2). The EC value at RP10, approximately two miles down­

stream from RP9, was 540 ~m, which is more than double the value at RP9 

(Plate II). This increase was probably due to evaporation of the extremely 

low flow left in the main channel below the diversion, but it may also 

have been related to seepage from irrigated fields. 

The Paguate degraded further as it passed by Paguate village, receiving 

inflow from irrigation returns and flowing through man-made debris dumped 

into the channel at several locations. The chemistry at RP103, just above 

the irrigation return, indicates a calcium bicarbonate type water. The 

EC at RP13 just above the mine boundary was 675 ~m, probably degraded by 

irrigation return. 

A water chemistry survey of Rio Paguate within the mine was taken by HSI 

on July 18, 1980. The water at station RP104 (Table 3), just inside the 

mine boundary, was a magnesium calcium bicarbonate type with higher pro­

portions of magnesium and sulfate than were found at RP103 (Plate IV). 

The chemical degradation above the confluence within the mine, between 

RP104 and RP107, was minimal. RP107 increased in proportions of magnesium 

and sulfate and was slightly higher in TDS relative to RP104 (Plate IV, 
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Table 3). This continued the trend from upstream of increase in dissolved 

constituents and in concentrations of magnesium and sulfate. 

During periods of extremely low flow, as in the summer of 1978, the Paguate 

becomes intermittent within one-half mile of the confluence (HSI, 1979, 

p.39-40), and the water quality at RM107 can become severely degraded. 

This degradation may be due to relatively poor quality water from Rio Mo­

quino moving southward in the subsurface in alluvium and then returning 

to the surface as flow in Rio Paguate immediately above the confluence. 

vJater samples taken at RP107 (Rio Paguate) and R~105 (Rio Moquino) in the 

summer of 1978 were nearly identical in chemical composition (mixed cation 

sulfate type) with TDS concentrations of 2,554 and 2,540 mg/l, respectively 

(HSI, 1979, p.36). 

Below the confluence of the Moquino and Paguate (RP108), the water quality 

of Rio Paguate is usually worse than the Paguate above the confluence (RP107) 

and usually better than the ~1oquino above the confluence (Rf1105). This 

situation is due to mixing of the two usually different waters. RP108 

and RP109 are generally dilute copies of the mixed cation sulfate type 

of water typical of Rio Moquino. The stronger influence of the Moquino 

water is due to the greater chemical flux of the Moqu;no relative to the 

Paguate. 

Rio Paguate had relatively low concentrations of radiological constituents 

-40-

Hydro-search, Inc. Reno. Denver. Austin CONSULTING HYDROLOGISTS-GEOLOGISTS 



0700048

from its source to RP104 (Tables 2 and 3). Ra-226 concentrations for 

the most part were less than 0.1 pCi/1. Uranium and Ra-228 concentrations 

were below the detection limits of 0.01 mg/1 and 1 to 2 pCi/1, respective­

ly. At RP107, the concentration of Ra-226 increased sharply and uranium 

was just above the detection limit at 0.02 mg/1 (Table 3). The radiologic 

analyses for RP108 and RP109 show increasing concentrations of uranium 

and Ra-226. Concentration of Ra-228 was below detection limit at all 

sample points. 

5.1.4 Laboratory Dissolution Investigation 

Water quality in the vicinity of the confluence is degraded to a slight 

degree along both Rio Paguate and Rio Moquino. HSI conducted laboratory 

experiments to determine if the degradation is attributable to either dis­

solution of salt crusts or dissolution of minerals present in uranium­

bearing materials in and along the stream beds. 

Streambed Salts 

~~itish to grayish salts of natural origin occur as crusts on rocks and 

bank materials. During periods of constant and declining stream stage, 

water in the stream deposits is brought to the surface by capillary action 

where salts are precipitated by evaporation. Remobilization by dissolution 

of the salts occurs during periods of rising stream stage. 
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Three salt samples, one each from Rio Paguate (#1) and Rio Moquino (#2) 

above the confluence and one from Rio Paguate (#3) below the confluence, 

were equilibrated with 4,OQO ml of distilled water for approximately 65 

hours on a reciprocating shaker. The supernatant water was clarified 

by filtration through a 0.45 micron filter and analyzed. 

Results indicate that the salts are magnesium sodium (#1. 3) and magnesium 

aluminum (#2) sulfates (Table 4). These salts are highly soluble, with. 

the fraction of solids dissolved during the experiments ranging from 0.36 

to 0.63 (Table 4). 

Because of the relatively minor amount of salts present in the streambed 

and their relatively high solubility, probably the only time that dissolu­

tion of salts has a perceptible effect on quality of stream water is during 

the early stages of a rapid increase in stream flow following an extended 

period of stable flow. The Moquino survey of July 18, 1980 showed such a 

brief increase in EC associated with a rainfall event (p.15, Plate III). 

Uranium-Mineralized Rock Material 

Samples of uranium-mineralized rock material were collected from small 

alluvial fans at the southern base of ore stockpiles lC and 20. The 

samples were combined and equilibrated with 7200 ml of distilled water 

on a reciprocating shaker for approximately 65 hours. The supernatant 

water was then filtered through a 0.45 micron filter and analyzed. 
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Table 4. Results of Laboratory Dissolution Experiments of Stream Salt Crusts and Ore Stockpile Materials, 
Jackpile-Paguate Mine, New Mexico. 

Equilibration: 
dry solid, 9 
dis till ed wa te r, m 1 . 
dissolved solid, 9 
fraction solid dissolved 

Supernatent Water: 
pH 
TDS (calc.), mg/l 
Elec. Cond., ~mhos/cm 

@ 25°C 

HC0 3 
C03 
Cl-

S04 

Sa It Samp 1 e # 1 
Rio Paguate above 
confl uence with 

Ri 0 ~1oqu i no 
9-13-78 

16.6 (sa It) 
4,000 

8.3 
0.50 

9.55 
2,068 
2,800 

mg/l 
44.3 

20 
1,500 

Sa It Samp 1 e #2 
Rio Moquino above 

con fl uence with 
Rio Paguate 

9-13-78 

132. (salt) 
4,000 

47.27 
0.36 

3.18 
11 ,817* 
8,550 

~ 

25 
10,300 

Na+ 228 25 7 
K+ 7 O. 6 

++ Ca 12.8 2, L8 
M9++ 218 1.21 0 

Salt Sample #3 
Rio Paguate below 
confluence with 

Rio Moquino 
9-13-78 

35. (salt) 
4,000 

22.20 
0.63 

9.30 
5,551 
6,250 

~ 
43.0 

72 

4,000 

925 
16.4 

31 
485 

Material Sample #4 
Material washed from 

ore stockpi les 
lC & 20 
9-13-78 

2 ,466 . (ma te ri a 1 ) 
7,200 

6.31 
0.0026 

4.38 
876** 

1 ,220 

mg/1 

2 

650 

Uranium, mg/l 1.89±0.09 0.52±O.03 0.86±0.04 5.9±0.30 
Ra-226, pCi/l 3.4 ±0.2 0.67±0.07 3.5 ±O.2 93. ±S. 

Note: *TDS includes Al+: 3= 760 mg/l, Mn+:+= 41 mg/l, and Si0 2 = 3.5 mg/l. 
**TDS includes Al = 6.5 mg/l, Mn = 2'~1 mg/l, ~~d Si0 2 = 9 mg/l. 
Other equilibrations showed negligible Al and Mn , and Si02 was not determined. 
Equilibrations and chemical analyses by Water Chemistry Laboratory, Desert Research Institute, Reno, NV. 
Radiological analyses by LFE Environmental Laboratories, Richmond, CA. 
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The analysis shows that the supernatant water is a magnesium calcium 

sulfate type with a TDS of 876 mg/l (Table 4). The fraction of rock 

material dissolved during the experiment was 0.0026. 

The ratio of mineralized material to water and the period of exposure 

to the water were probably higher and longer in the dissolution experi-

ment than would occur under field conditions. This bias in experimental 

characteristics would tend to maximize the laboratory dissolution of both 

chemical and radiological species. Thus, the concentrations of radio­

logical and chemical species would tend to be maxima, and the actual mobili­

zation under field conditions would tend to be less. 

The above evidence indicates that mobilization of chemical species from 

mineralized rock material, either in the stream beds or as a result of 

water running off of piles of broken mineralized rock, is not responsible 

for the observed increase in chemical loading of the streams across the 

mine. 

Conclusions 

It is reasonable to conclude from these experiments and the field evidence 

that streambed salts could contribute to a brief, low-level degradation 

of chemical and radiological quality of water during periods of rising 

stream stage. These salts are deposited as a result of normal stream­

related processes and do not appear to be related directly to the mining 

Hydro-Search, Inc. 
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operation. 

The experimental evidence further suggests that contact of water and 

uranium-mineralized rock material does not contribute to chemical degra­

dation of the water. However, the increases in uranium and Ra-226 con­

centrations (Table 4, #4) suggest that the observed increases in concen­

trations of these radiological constituents in the field may be attributed, 

at least in part, to dissolution from uranium-bearing materials in the 

stream sediments. How much of this effect would be attributable to the 

Anaconda mining operation and how much would be attributable to Jackpi1e 

sandstone materials which naturally occur in the stream sediments is not 

cl ear. 

5.2 GROUND WATER 

HSI has collected extensive ground-water quality data at the Jackpile­

Paguate mine. These data include analyses of chemical and radiological 

constituents of water samples from eleven 2-inch test wells (HSI, 1979, 

pp.11-14), sixteen 5-inch M-series wells (Table 5), and four off site 

wells (Table 6). Locations for the samples of Tables 5 and 6 are shown 

in P1 ate V. 

HSI also conducted laboratory equilibration experiments to determine the 

effect of mixing various representative reclaimed mine materials with 

representative native Jackpi1e sandstone water collected from the under-
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Table 5. Jisso1ved Co~stituents. M-Series Wells. Jackpi1e-Paguate Mine Area, New Mexico. 

Paqe 1 of 4 

Detection 7-18-80 11- 3-80 7-27-80 10-9-80 7-25-80 10-30-80 
Constituent l:imit M-1 M-1P M-2 M-2P M-3 M-3P 

Tempera ture, 18.0 18.0 15.75 16.5 
field (Celsius) 

pH, lab 8.1 8.1 8.0 7.9 8.3 8.2 

Iota 1 Di sso 1 ved 
Solids (evap/calc) 894/833 880/880 1030/964 643/628 718/683 530/694 

Electrical Conductivity, 1330 1290 1730 980 1070 755 
lab 

Produc ing zone Jmj Jmj Jmj Jmj Jmj Jmj 

HC03 0.1 446 440 363 403 343 355 
C03 0.1 ND ND ND ND 19 ND 
Cl 3.0 12 8.2 15 5.5 12 4.8 
504 4.0 280 330 425 176 220 125 
F 0.1 1.2 1.0 1.0 0.9 0.8 0.6 
N03 0.1 ND NO 0.2 NO NO NO 
P04 0.03 NO NO .NO NO NO 0.04 

Na 1.0 280 305 300 215 230 190 
K 1.0 4.0 7.3 3.0 2.7 3.0 3.0 
Ca 1.0 15 4.9 12 13 6.0 1.6 
Mg 1.0 4.5 4.8 15 4.6 8.0 1.0 

5i02 1.0 16 14 12 12 15 13 

As 0.01 NO NO NO NO 0.01 NO 
Ba 0.05 0.55 0.06 0.05 0.18 0.20 NO 
8e 0.01 NO ND NO NO 
Cd 0.002 0.006 NO 0.002 NO NO NO 
Cr 0.02 NO NO NO NO NO NO 
CN 0.01 
Pb 0.05 NO NO 0.01 0.01 NO NO 
Hg 0.0002 ~IO NO 0.0020 NO NO NO 
5e 0.002 NO NO NO NO NO NO 
Ag 0.005 NO NO NO 0.006 NO NO 

Cu 0.005 0.050 NO 0.005 0.010 NO NO 
Fe 0.01 ~IO 0.06 NO 0.07 NO 0.06 
Mn 0.005 0.030 0.085 0.041 0.090 0.065 0.021 
Phenols 0.005 
Zn 0.01 NO 0.04 0.53 0.14 0.024 NO 

Al 0.1 NO NO NO NO NO NO 
B 0.05 0.06 0.34 0.70 0.28 0.08 0.28 
Co 0.01 0.01 NO 0.02 0.02 NO NO 
Mo 0.05 NO NO 0.05 0.05 NO NO 
Ni 0.02 NO NO NO 0.03 NO NO 

V 0.05 NO NO NO NO NO NO 

Radiologic 

226 Ra 
0.03 5.1!0.3 22!1 0.31!0.05 0.61!0.050.05±0.03 NO 

(pCi/l 2,) ) 

228Ra 1 to 2 NO NO NO NO NO NO 
(pCill 2: ) 

U(mg!1 , 2') 0.01 NO NO NO NO NO NO 

Note: All chemical analyses are in mg/l except pH which is in units and electrical conductivity which is 
in ~mhos/cm @ 25°C. 

NO, less than detection limit. Detection limit for radiologic constituents is 20 counting statistics. 

Chemical analysis by The Industrial Laboratorie£ Company, Denver, Colorado. 

Radiologic analysis by LFE Environmental Analysis Laboratories, Richmond, California. 

P denotes sample taken by pumping. Other samples were taken by air lifting. 

See P 1 a te V for chemi ca 1 qua 1 ity di agrams . 

Producing zone: Jmj-Jackpi1e sandstone, Gal-alluvium. 

-45-

Hydro-Search, Inc. Reno. Denver. Austin CONSULTING HYDROLOGISTS-GEOLOGISTS 



0700054

Table 5. Dissolved Constituents, M-Series Wells, Jackpile-Paguate Mine, New Mexico (Cont'd). 

Cons t i tuent 
Temperature, 

field (Celsius) 

pH, lab 
Total Dissolved 

Solids (evap/calc) 
Electrical Conductivity, 

lab 
Producing zone 

He03 
C03 
Cl 
S04 
F 
N03 
P04 

Na 
K 
Ca 
Mg 

Si02 

As 
8a 
Be 
Cd 
Cr 
eN 
Pb 
Hg 
Se 
Ag 

Cu 
Fe 
Mn 
Phenols 
In 

Al 
8 
Co 
Mo 
Ni 

v 

~a~_L°.'1~ 

226 Ra (pCi/l ~ 21) 

228Ra (pCi/l ! 2") 

U( mg/ 1 ! 2') 

Detection 
Limit 

0.1 
0.1 
3.0 
4.0 
0.1 
0.1 
0.03 

1.0 
1.0 
1.0 
1.0 

1.0 

0.01 
0.05 
0.01 
0.002 
0.02 
0.01 
0.05 
0.0002 
0.002 
0.005 

0.005 
0.01 
0.005 
0.005 
0.01 

0.1 
0.05 
0.01 
0.05 
0.02 

0.05 

0.03 

1 to 2 

0.01 

7-31-80 8-3-80 8-2-80 7-17-80 7-19-80 
M-4 M-4A M-4B M-5 M-6 

16.3 16.5 

7.3 7.6 7.5 8.3 8.3 

2130/2114 1040/997 1730/1794 1020/1048 892/842 

3200 1500 2600 1570 1410 

JIT\.i (?) JIT\.i Qa 1 JIT\.i Jmj 

446 457 452 381 414 
NO NO NO 18 19 

33 22 27 18 12 
1230 400 938 437 280 

0.7 0.7 0.8 1.1 1.3 
NO NO NO NO NO 
NO NO NO NO NO 

208 160 294 340 295 
23 13 22 8.0 3.3 

216 113 233 18 6.0 
163 45 36 5.6 6.1 

20 17 20 14 15 

NO NO NO NO NO 
0.74 0.52 0.08 0.35 0.15 

NO NO NO NO NO 
0.003 0.002 0.003 0.16 0.004 

NO NO NO NO NO 

0.03 0.01 0.03 0.13 NO 
NO NO NO 0.0006 0.0005 

0.003 0.002 0.004 NO NO 
NO NO NO 0.040 NO 

0.012 NO 0.008 0.010 NO 
0.11 0.44 0.11 0.02 NO 
0.093 0.064 0.068 0.085 0.035 

0.02 0.06 'J.06 0.30 0.32 

NO NO NO NO NO 
0.20 0.12 0.51 0.61 0.38 

NO NO NO NO 0.02 
NO NO NO NO NO 

0.05 0.03 0.05 NO NO 

NO NO NO NO NO 

2.1!0.1 3.5!0.2 0.09!0.030.33!0.04 0.28!0.03 

NO NO NO NO 

NO 

NO 

NO 

Page 2 of 4 

Note: All chemical analyses are in mg/l except pH which is in units and electrical conductivity which is 
in umhos/cm @ 25°C. 

NO, less than detection limit. Detection limit for radiologic constituents is 20 counting statistics. 
Chemical analysis by The Industrial Laboratories Company, Denver, Colorado. 

Radiologic analysis by LFE Environmental Analysis Laboratories, Richmond, California. 
P denotes sample taken by pumping. Other samples were taken by air lifting. 
See Plate V for chemical quality diagrams. 

Producing zone: Jmj-Jackpile sandstone, Qal-al1uvium. 
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Table 5. Dissolved Constituents. M-Series Wells. Jackpile-Paguate Mine. New Mexico (Cont'd). 

Constituent 

Temperature. 
fi e 1 d (Ce 1 s ius) 

pH. lab 

Detection 7-22-80 7-29-80 
Limit M-8 ~ 

17.0 16.6 

8.0 7.7 

10-4-80 
M-10P 

18.4 

7.9 

Page 3 of 4 

10-16-80 8-18-80 10-7-80 
M-14P ~ M-16P 
18.0 18.5 19.0 

7.6 7.2 7.8 

Tota 1 Di sso 1 ved 
Solids (evap/calc) 1130/1052 1380/1270 1160/1171 1700/1767 534/512 1360/1403 

Electrical Conductivity. 
lab 

Producing zone 

HC03 
C03 
Cl 
S04 
F 
N03 
P04 

Na 
K 
Ca 
Mg 

As 
Ba 
Be 
Cd 
Cr 
CN 
Pb 
Hg 
Se 
Ag 

Cu 
Fe 
Mn 
Phenols 
Zn 

Al 
B 
Co 
Mo 
Ni 

v 

Rddio~(Li_c. 

0.1 
0.1 
3.0 
4.0 
0.1 
0.1 
0.03 

1.0 
1.0 
1.0 
1.0 

1.0 

0.01 
0.05 
0.01 
0.002 
0.02 
0.01 
0.05 
0.0002 
0.002 
0.005 

0.005 
0.01 
0.005 
0.005 
0.01 

0.1 
0.05 
0.01 
0.05 
0.02 

0.05 

1730 

Jmj 
427 

NO 
18 

450 
1.3 

ND 
ND 

305 
3.3 

36 
14 

13 

NO 
0.45 

NO 
0.004 

NO 

NO 
0.0002 

NO 
NO 

0.030 
NO 

0.11 

0.34 

1.2 
0.09 

NO 
NO 
ND 

NO 

2030 

Jmj 
350 

NO 
12 

660 
0.9 

NO 
NO 

320 
3.0 

54 
34 

13 

NO 
0.11 

NO 
0.003 

ND 

0.02 
0.0019 

NO 
NO 

NO 
NO 

0.18 

0.31 

ND 
0.25 
0.04 

NO 
0.02 

NO 

1820 

Jmj 
438 

NO 
16 

510 
1.2 

ND 
ND 

390 
3.7 

16 
4.9 

12 

NO 
0.18 

NO 
NO 
NO 

0.02 
0.0002 

ND 
NO 

NO 
0.10 
0.044 

0.80 

NO 
0.41 
0.06 

NO 
0.05 

NO 

2500 

Jmj 
468 

ND 
25 

920 
0.6 

ND 
NO 

418 
8.5 

97 
52 

12 

ND 
0.73 

ND 
0.002 

NO 

0.03 
NO 
NO 
NO 

0.007 
0.64 
0.39 

1.5 

NO 
0.42 
0.07 

NO 
0.08 

NO 

780 

Jmj 
401 

ND 
17 
83 
0.9 
0.6 

NO 

180 
10 
8.2 
3.7 

11 

NO 
0.10 

NO 
0.002 

NO 

0.03 
NO 
NO 
NO 

0.005 
ND 

0.033 

0.07 

NO 
0.30 

ND 
NO 
ND 

ND 

2130 

Jmj 
456 

ND 
14 

672 
0.9 

ND 
ND 

390 
6.5 

54 
25 

14 

ND 
0.45 

ND 
ND 
ND 

0.02 
NO 
NO 

0.011 

0.006 
0.41 
0.19 

0.27 

ND 
0.41 
0.06 

NO 
0.05 

NO 

226 Ra (pCi/l + 2·,) 

228Ra (pCi!l + 2·,) 

U(mg/l : 2.') 

0.03 0.53!0.03 5.0!0.02 0.06!0.03 0.12!0.03 0.07!0.04 0.04!0.03 

1 to 2 NO NO NO 

0.01 0.02!0.01 0.06!0.01 0.03!0.01 

NO 

NO 

NO 

NO 

ND 

NO 

li(Jee: 1111 chemical analyses are in mg/I except pH which is in units and electrical conductivity which is 
in wmhos/cm @ 25°C. 

NO. less than detection limit. Detection limit for radiologic constituents is 20 counting statistics. 
Chemical analysis by The Industrial Laboratories Company. Denver. Colorado. 

Radiologic analysis by LFE Environmental Analysis Laboratories. Richmond. California. 
P denotes sample taken by pumping. Other samples were taken by air lifting. 

See Plate V for chemical quality diagrams. 

Producing zone: Jmj-Jackpile sandstone. Qal-al1uvium. 
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Table 5. Dissolved Constituents, M-)~ries Wells, Jackpi1e-Paguate Mine, New Mexico (Cont'd). 

Page 4 of 4 

Detection 10-1-80 7-24-80 8-6-80 2 -8-81 
Constituent Limit M-21P M-22 M-23 M-24P 

Temperature, 21. 3 
field (Celsius) 

pH, lab 8.3 7.8 8.1 7.6 

Total Dissolved 
Solids (evap/ca1c) 368/389 981/962 1090/1107 3640/4031 

Electrical Conductivity. 673 1590 1700 5050 
lab 

Producing zone Jmj Jmj Jmj Backfill 

HC03 0.1 345 414 438 770 
C03 0.1 11 NO ND ND 
Cl 3.0 ND 14 29 50 
S04 4.0 40 380 448 2010 
F 0.1 1.0 1.3 1.3 0.7 
N03 0.1 ND ND ND ND 
P04 0.03 0.03 ND ND NO 

Na 1.0 150 305 380 915 
K 1.0 2.0 3.7 8.0 23 
Ca 1.0 3.3 26 9.8 155 
Mg 1.0 1.0 12 4.6 95 

Si02 1.0 11 15 9.9 12 

As 0.01 NO 0.01 NO ND 
Ba 0.05 0.07 0.25 0.05 0.21 
Be 0.01 ND ND NO 
Cd 0.002 NO 0.002 0.003 ND 
Cr 0.02 NO ND NO NO 
CN 0.01 
Pb 0.05 0.01 NO NO NO 
Hg 0.0002 0.0004 0.0015 NO 
Se 0.002 NO 0.002 0.002 NO 
Ag 0.005 NO NO ND 0.005 

Cu 0.005 0.007 0.005 NO ND 
Fe 0.01 0.13 NO NO 0.28 
Mn 0.005 0.017 0.21 0.024 0.074 
PhenolS 0.005 
Zn 0.01 0.02 0.64 0.49 0.25 

A1 0.1 ND 0.2 NO NO 
B 0.05 0.25 0.25 0.49 0.96 
Co 0.01 0.02 NO NO NO 
Mo 0.05 NO NO NO NO 
Ni 0.02 NO NO 0.02 NO 

V 0.05 NO NO ND NO 

Radio1E~ 

226Ra (pCi/l ~ 2'J) 
0.03 1.68!0.080.52!0.03 0.99!0.05 1.22±0.08 

228Ra (pCi/l ! 20) 1 to 2 3! 1 NO ND 2± 1 

U(mg!1 + 2-,) 0.01 0.02!0.01 0.03±0.01 0.36!0.02 0.03!0.01 

Note: All chemical analyses are in mg/1 except pH which is in units and electrical conductivity which is in :Jmhos/cm @ 25°C. 

ND, less than detection limit. Detection limit for radiologic constituents is 20 counting statistics. 
Chemical analYSis by The Industrial Laboratories Company. Denver, Colorado. 

Radiologic analysis by LFE Environmental Analysis Laboratories. Richmond. California. 
P denotes sample taken by pumping. Other samples were taken by air lifting. 
See Plate V for chemical quality diagrams. 

Producing zone: Jmj-Jackpile sandstone. Qa1-a11uvium. 
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Table 6. Dissolved Constituents, Off-Site Wells, Jackpi1e-Paguate Mine Area, New Mexico. 

Cons ti tuent 

Temperature, 
field (Celsius) 

pH, lab 

Tota 1 Di sso 1 ved 
SolidS (evap/ca1c) 

Electrical Conductivity, 
lab 

Producing zone 

HC03 
C03 
C1 
S04 
F 
N03 
P04 

Na 
K 
Ca 
Mg 

As 
Sa 
Be 
Cd 
Cr 
CN 
Pb 
Hg 
Se 
Ag 

Cu 
Fe 
Mn 
Pheno 1 s 
Zn 

Al 
B 
Co 
Mo 
Ni 

v 

Ra<!.i~ 10gi c 

Detection 
Limit 

0.1 
0.1 
3.0 
4.0 
0.1 
0.1 
0.03 

1.0 
1.0 
1.0 
1.0 

1.0 

0.01 
0.05 
0.01 
0.002 
0.02 
0.01 
0.05 
0.0002 
0.002 
0.005 

0.005 
0.01 
0.005 
0.005 
0.01 

0.1 
0.05 
0.01 
0.05 
0.02 

0.05 

7-30-80 
Paguate 
Vi 11 age 

PV 

7.6 

408/474 

600 

Jmj 
267 

NO 
NO 

170 
NO 
NO 
NO 

18 
3.3 

62 
47 

42 

NO 
0.13 

NO 
NO 
NO 

NO 
0.0003 

NO 
NO 

NO 
NO 

0.008 

0.01 

NO 
0.30 
0.01 

NO 
NO 

NO 

8-6-80 
Seboyeta 
Village 

SV 

25.0 

7.7 

304/312 

475 

Jmj 

236 
NO 

15 
45 
0.4 

NO 
NO 

80 
9.0 

11 
13 

22 

NO 
0.10 

NO 
0.002 

NO 

NO 
NO 
NO 
NO 

NO 
0.02 
0.007 

0.02 

NO 
0.15 

NO 
0.05 
0.02 

NO 

8-6-80 
Moquino 
Village 

MV 

24.0 

8.2 

428/425 

745 

Jmj 
350 

NO 
9.1 

64 
0.6 

NO 
NO 

137 
7.0 

16 
5.9 

13 

NO 
0.10 

NO 
NO 
NO 

NO 
NO 
NO 
NO 

0.007 
NO 
NO 

0.05 

NO 
0.14 

NO 
NO 
NO 

NO 

8-6-80 
Bibo 

Vi11 age 
BV 

25.0 

8.0 

575/566 

929 

Jmj 

343 
NO 

22 
149 

0.6 
NO 
NO 

175 
9.0 

13 
9.5 

19 

NO 
0.06 

NO 
NO 
NO 

0.02 
NO 

0.002 
NO 

NO 
0.01 
0.005 

0.17 

NO 
0.12 

NO 
NO 
NO 

NO 

226Ra (pCi/l ! 21) 

228Ra (pC i / 1 ! 21) 

U(mg!1 + 2c) 

0.03 0.24z0.04 0.42!0.03 0.27!0.03 0.39!0.03 

1 to 2 

0.01 

NO 

0.78z0.04 

NO 

NO 

NO NO 

NO NO 

Note: All chemical analyses are in mg/l except pH which is in units and electrical conductivity which is 
in umhos/cm @ 25" C. 

NO, less than detection limit. Detection limit for radiologiC constituents is 20 counting statistics. 
Chemical analysis by The Indust,"ial Laboratories Company, Denver, Colorado. 

Radiologic analyses by LFE Environmental Analysis Laboratories, Richmond, California. 

Producino zone: Jmj = Jackpi1e sandstone. 

-50-

HydrO-Search, Inc. Reno. Denver. Austin CONSULTING HYDROLOGISTS-GEOLOGISTS 



0700058

ground portion of the Jackpile-Paguate mine (Section 5.2.4). Data (Table 

7) assisted in projection of ground-water quality in backfill materials 

under reclamation conditions. 

5.2.1 Jackpile Sandstone 

The Jackpile sandstone is predominantly composed of quartz grains with 

some feldspar fragments and a calcite or kaolinite cement. 

The typical ground water contained in the Jackpile sandstone is a sodium 

sulfate bicarbonate type, and, less frequently, a sodium bicarbonate sul­

fate type (Plate V). TDS concentrations for thirteen Jackpile sandstone 

wells in the mine area range from 389 to 1767 mg/l and average 995 mg/l 

(Table 5). 

No apparent pattern appears to exist in the distribution of TDS in the 

mine area except that waters from wells near Rio Moquino are relatively 

concentrated in dissolved constituents (Plate V). The water of ~Jell M-

4 near the confluence is a mixed cation sulfate type of high TDS (Table 

5) that is nearly identical to Rio ~~oquino water sampled nearby (Table 

3, ruQ105). This suggests that the M-4 water originates as recharge from 

Rio Moquino and is not representative of the Jackpile sandstone. 

Water in the Paguate Village well (Table 6) does not resemble other Jack­

pile sandstone waters in the vicinity of the mine either in ionic type 

or concentration of TDS. This water may reflect admixture of Rio Paguate 
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,I 

water. Waters from Jackpile sandstone wells in Seboyeta, Moquino, and 

Bibo Villages are lower in TDS than the average for the mine area (Table 

6) . 

The average uranium and radium-226 concentrations for water from the 

thirteen Jackpile sandstone wells within the mine area are 0.04 mg/l and 

2.36 pCi/l, respectively (Table 5). Minor chemical constituents are at 

low concentrations. 

5 . 2 . 2 All u v i urn 

Several of the wells installed by HSI are perforated in the alluvium. 

These wells, M-4B and old test wells 1 and 10 (HSI, 1979), produce water 

that is enriched in calcium and magnesium in comparison to the typical 

Jackpile sandstone water. These waters are generally higher in TDS than 

the typical Jackpile sandstone waters, averaging 1332 mg/l (Table 5; HSI, 

1979, Table 1). The water from these wells is a mixture of Jackpile sand­

stone water from below and surface water from Rio Moquino and Rio Paguate. 

Depending on the time of year and flow conditions in the Jackpile sand­

stone and the contributing streams, the proportionate contribution of 

surface water and ground water can change significantly, causing the 

chemistry of the mixed alluvial ground water to vary. 
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5.2.3 Backfill Material 

Chemistry of ground water in backfill material is virtually unknown. 

Only one well, M24, is completed in saturated backfill (Table 5). Another 

well, M17, was drilled on backfill over what had been a pond prior to 

backfilling. However, no ground water was found during drilling of this 

well. The water had either been displaced by the backfilling or absorbed 

by the backfill material. 

Well M24 was drilled over what previously was the western P-10 pond. 

The ground water encountered is essentially stagnant in that it is not 

flowing through the backfill or receiving recharge from the Jackpile sand­

stone. On February 8 and 9, 1981, M24 was pumped for 24 hours and a sample 

was taken for chemical and radiological analysis. The chemistry shows 

a sodium sulfate type of water (Table 5) very similar in character to 

the water from the P-10 pond before backfilling (HSI, 1979, Table 1), 

but much higher in TDS (4031 mg/l versus 1219 mg/l). The high TDS content 

from t~24 is probably a result of concentration by evaporation of the P-10 

pond water prior to the backfilling. The last sample taken from the P-10 

pond was in December 1977, however, the pond was not backfilled until 

about 1 1/2 years later. During this period water was not discharged 

to the pond, thus allowing ample time to concentrate the dissolved con­

stituents. Rabbit Ear pond experienced much the same type of concentration 

by evaporation, going from 2067 mg/l TDS in ~1ay of 1975 to 4888 mg/l TDS 
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in December of 1977 (HSI, 1979, Tables 1 and 3). 

The water quality of M24 is not indicative of the water quality that can 

be expected in backfill material when post-mining equilibrium conditions 

are reached. 

5.2.4 Laboratory Equilibration Investigation 

In order to evaluate the possible chemistry of water in the backfill, 

HSI performed laboratory experiments designed to simulate post-mining 

equilibrium conditions. The experiment consisted of mixing four repre­

sentative backfill materials with representative indigenous Jackpile 

ground water and analyzing the chemically equilibrated water. 

Backfill materials used in the experiment were non-ore bearing Jackpile 

sandstone (Jackpile sandstone), non-economic ore bearing Jackpile sandstone 

(protore), and a tan sandstone (Dakota sandstone) and a carbonaceous shale 

(Dakota shale) of the Dakota Sandstone. Samples were collected from the 

southern portion of the Paguate mine. 

Ground water used in the experiment was obtained from roof seepage in 

an advancing drift in the extreme southern portion of the P-10 underground 

mine south of the South Paguate Pit. The ground water was analyzed for 

chemical and radiological constituents (Table 7). 

All backfill samples were ground to pass through a 10-mesh screen (0.065-
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Table 7. Dissolved Constituents, P-10 Jnderground 'Iater and Simulated Reclaimed Waters, Jackpile-Paguate 
Mine, New Mexico. 

Constituent 
pH, lab 
Total Dissolved 

Solids (evap/calc) 

Electrical Conductivity, 
lab 

HC03 
C03 
Cl 
S04 
F 
N03 
P04 

Na 
K 
Ca 
Mg 

Si02 

As 
Sa 
Be 
Cd 
Cr 
CN 
Pb 
Hg 
Se 
Ag 

Cu 
Fe 
Mn 
Phenols 
2n 

Al 
B 
Co 
Mo 
Ni 

v 

Radiologic 

226 Ra (pCi/1 ! 2,,) 

228Ra (rCi/1 ! 2;) 

U( rng/ 1 ! 2;) 

Detection 
limit 

0.1 
0.1 
3.0 
4.0 
0.1 
0.1 
0.03 

1.0 
1.0 
1.0 
1.0 

1.0 

0.01 
0.05 
0.01 
0.005 
0.01 
0.01 
0.01 
0.0002 
0.0002 
0.005 

0.005 
0.01 
0.02 
0.005 
0.01 

0.1 
0.05 
0.01 
0.05 
0.01 

0.05 

0.03 

1 to 2 

0.01 

P-10 
Underground 

8.5 
/557 

950 

347 
18 
11 

130 
1.0 
0.2 

ND 

200 
2.7 
6.6 
2.7 

12 

ND 
0.15 

0.005 
ND 

0.03 
o .Oa06 

ND 
0.005 

0.015 
0.10 
0.03 

0.16 

0.10 
0.50 
0.03 
0.05 
0.02 

ND 

26!1.0 

ND 

O.22!0.01 

Jackpile 
Sandstone 

7.6 

816/880 

1340 

421 
ND 

16 
280 

0.5 
16 

ND 

270 
4.0 

16 
4.9 

7.7 

0.02 
0.20 

ND 
ND 

ND 
ND 

0.014 
ND 

0.020 
0.09 

ND 

ND 

ND 
0.36 

ND 
2.5 

ND 

ND 

0.12,0.03 

ND 

ND 

Protore 

8.3 
1110/1051 

1520 

391 
12 
18 

443 
1.8 
3.5 

ND 

280 
7.0 

46 
24 

10 

0.02 
0.30 

ND 
ND 

0.010 
ND 

0.005 
ND 

0.010 
0.06 

ND 

ND 

ND 
0.38 

ND 
0.25 
0.01 

ND 

52±3.0 

ND 

22!1 

Dakota 
Sandstone 

8.3 
1020/1021 

1580 

296 
12 
20 

480 
4.0 
0.4 

ND 

210 
1.0 

98 
22 

13 

ND 
0.45 

ND 
ND 

0.010 
ND 

0.003 
ND 

0.010 
0.06 

ND 

ND 

ND 
0.62 
0.01 
0.10 
0.02 

ND 

0.38!0.04 

ND 

0.2hO.Ol 

Dakota 
Shale 

8.3 
1280/1256 

1920 

296 
24 
19 

625 
2.7 

ND 
ND 

390 
8.0 

25 
7.3 

7.9 

ND 
0.20 

ND 
ND 

ND 
ND 
ND 
ND 

0.005 
0.03 

NO 

ND 

ND 
0.60 

ND 
0.50 

ND 

ND 

1.11!0 .08 

ND 

0.03!0.01 

Note: All chemical analyses are in mg, 1 except pH which is in units and electrical conductivity which is 
in ~mhos/crn @ 25' C. 

ND, less than retection 1i"'it. Jetection limit for radiological constituents is 20 countin9 statistics. 
Chemical analySis by The Indust,-lal Laboratories Company, Denver. Colorado. 

Radiologic analyses by LFE Environmental Analysis Laboratories, Richmond, California. 

-55-

HydrO-Search, Inc. Reno. Denver. Austin CONSULTING HYDROLOGISTS-GEOLOGISTS 



0700063

inch openings). The Jackpile ground water was then mixed with each of 

the four backfill samples in a 1:1 weight ratio. The mixtures were stirred 

and pH and electrical conductivity were monitored. This process was 

repeated until the pH and conductivity of the solutions stabilized, indi­

cating an equilibrium had been reached. The supernatant waters were then 

extracted and analyzed for chemical and radiological constituents. 

The experiment was designed to simulate a worst case condition. The mater­

ials were ground to a much finer degree than would typically be found 

in the backfilled pits, allowing much more surface area for reaction with 

the ground water. Only one equilibration was used - presumably second 

and later equilibrations simulating the through-flow of ground water would 

have shown a lesser degree of change in water chemistry. Offsetting this 

effect, water was mixed on a 1:1 weight ratio, far exceeding actual back­

fill conditions and, thus, providing a high degree of dilution of constitu­

ents dissolved from the simulated backfill materials. 

The P-10 underground water used for the experiment was a sodium bicarbonate 

sulfate type (Table 7), similar to several samples of Jackpile sandstone 

ground water found in the western part of the mine area. The simulated 

reclaimed Jackpile sandstone water is chemically similar to the P-10 under­

ground water with an increase in the proportion of sulfate and an overall 

increase in TOS. Nitrates were also high in this water, probably owing 
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to the use of nitrate-based explosives in the mining operations. 

The simulated reclaimed protore water is a sodium sulfate bicarbonate 

type similar in chemistry and concentration to water from well Ml (Table 

5) which penetrates an ore-bearing zone within the Jackpile sandstone. 

The simulated reclaimed Dakota sandstone water is a sodium calcium sulfate 

bicarbonate type chemically similar and of similar concentration to water 

from old test well 10 (HSI, 1979, Table 1). The simulated reclaimed Dakota 

shale water is a sodium sulfate type very similar, although much less 

concentrated, to the water from M24 (Table 5). 

Except for the protore sample, concentrations of uranium and radium-226 

in the simulated reclaimed waters are lower than in the raw P-10 under­

ground water. The increase in concentration of radiological constituents 

for the protore water is to be expected. 

The simulated reclaimed waters are higher in TDS than the P-10 underground 

water. Their TDS concentrations, however, all fall within the range ob­

served for Jackpile sandstone water within the mine area. All of the 

samples could also be correlated chemically to chemical types of ground 

water found within the mine. These experiments, then, would indicate 

that even under the worst case conditions, degradation of ground water 

by reaction with the backfill materials could be expected to fall within 

the limits already observed for ground water within the mine area. 
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5.2.5 Ground Water South of Jackpile-Paguate Mine 

The chemical quality of ground water south of the Jackpile-Paguate mine 

was not assessed in this investigation, primarily because sample points 

were not made available to HSI. However, chemistry data for wells in 

this area available from the USGS and BIA are included in Appendix B for 

future reference and comparison. None of the wells in question appear 

to be completed in the Jackpile sandstone. 
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6.0 EFFECTS OF MINING AND RECLAMATION 

The effects of mining and reclamation on the hydrology of the Jackpi1e­

Paguate mine can be evaluated with precision only if the pre-mining hy­

drologic conditions are known. Some information relating to pre-mining 

hydrology does exist in the form of aerial photographs taken before mining 

and USGS topographic maps that show early mining conditions. We also 

know, qualitatively at least, that prior to mining, the area had a back­

ground surface radioactivity higher than the surrounding terrain (Anaconda, 

1980, Plate 3.2-1). Some of the radioactive anomalies were in the stream­

beds and, in fact, the initial mining included removal of petrified, 

uranium-bearing tree trunks from the Rio Moquino channel (R. D. Lynn, 

Anaconda, personal communication, 1980). However, the lack of specific 

pre-mining hydrologic data, such as surface water flow measurements or 

water chemistry analyses, precludes any quantitative evaluation of the 

effects of mining and reclamation on the surface water hydrology and water 

chemistry of the area. Thus, the following section is necessarily based 

on inferences of what the pre-mining conditions were and our best judgement 

of the subsequent effects. 

A previous report (HSI, 1981) discusses the ground-water hydrology of 

the mine area and the effects of mining and reclamation on occurrence 

and movement of ground water. 
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6.1 SURFACE WATER HYDROLOGY 

As a result of mining activities, the courses across the mine of both 

Rio Moquino and Rio Paguate have been altered. The course of Rio Moquino 

has been changed by the placement of excavated materials in the original 

channel and re-routing of the stream into a parallel drainage to the east. 

The effect of these alterations is to straighten a formerly meandering 

channel. This more direct route decreases the distance the stream has 

to travel, thus increasing the gradient and the average flow velocity 

of the stream in this local area. 

Rio Paguate has been re-routed in several places. In the area of RP105 

(Plate III), the channel was moved to the south to accommodate mining 

in the North Paguate pit (Herkenhoff, 1973). The new channel was con­

structed on backfill material and instead of returning to the main channel 

below the diversion, the channel was diverted into a parallel drainage 

south of the former channel. The main effect of re-routing of the Paguate 

is that near the confluence with Rio Moquino, the new channel has to make 

a sharp northerly turn around an alluvial block to intersect Rio Moquino. 

Over a period of years, it is likely that high flows down the Rio Paguate 

may breach the existing block and move the confluence farther downstream. 

Reclamation activities should not have much effect on streamflow in Rio 

Paguate. There may be a very slight increase in flow when ground­

water levels in the Jackpile sandstone and backfill materials recover 
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and ground water begins discharging to the stream deposits near the recon­

structed portion of the channel (HSI, 1981). Along Rio Moquino, recla­

mation plans call for the repositioning of some of the dumps. 

6.2 WATER QUALITY 

6.2.1 Surface Water 

Degradation of chemistry of surface water due to mining does not appear 

to be substantial. Rio Paguate at base flow degrades only slightly in 

major chemical constituents across the mine to its confluence with Rio 

Moquino. This degradation is probably due to concentration by the natural 

processes of evaporation and transpiration as the stream passes through 

an area of abundant phreatophytes. 

Rio Paguate also shows an increase in concentration of radiologic consti­

tuents across the mine. Some of the degradation may be natural, as the 

first discovery of uranium was near Rio Paguate. Some of the radiologic 

constituents may come from runoff or leaching of stockpiles of ore and 

protore adjacent to the stream channel. It is unlikely that ground water 

discharged from the Jackpile sandstone directly degrades the stream in 

radiolo9ic constituents because water samples taken from the Jackpile 

sandstone generally have lower concentrations of uranium and radium-

226 than occur in the surface water. 

-61-

Hydro-Search, Inc. Reno. Denver. Austin CONSULTING HYDROLOGISTS-GEOLOGISTS 



0700069

Rio Moquino degrades somewhat in major chemical constituents through the 

mine. Some of this increase in concentrations may be due to the materials 

introduced into the stream when the course was altered by encroachment of 

dumps. However, the water entering the mine upstream is of the same chemi­

cal type as the water above the confluence with Rio Paguate and the increase 

in concentration of chemical constituents is probably as much or more a 

result of evapotranspiration effects as the low flows become intermittant 

across the mine than it is of mining activities. 

Our laboratory dissolution investigations suggest that occasional mobili­

zation of radiologic constituents from mineralized rock material by surface 

runoff is insufficient to account for the increases in radioactivity ob­

served in the streams. Also, as stated previously, surface radioactivity 

anomalies existed along stream channels in the area prior to mining operations. 

The increase in radiologic constituents attributable to mining cannot be 

determined with precision. 

The water chemistry surveys for the streams above the mine show a con­

tinuing degradation in chemical and radiologic constituents downstream. 

The degradation through the mine is a continuation of these trends. 

6.2.2 Ground Water 

Ground water in the Jackpile sandstone has probably not been degraded by 

mining. The mining activities do not utilize water or any other solution 
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that would mix with the existing ground water. Also, ground water levels 

have been drawn down to a point where little chance exists for interaction 

with surface operations. HSI (1979) has shown that there was no interaction 

between the Rabbit Ear and P-l0 surface holding ponds and the Jackpile 

ground-water body. 

Our laboratory equilibration investigations showed that even in a worst 

case situation, the degradation of ground water that may be attributable 

to backfill materials should result in water no worse than what is cur­

rently found in water from wells at other places in the mine area. The 

amount and type of degradation at any point in the backfill will be depen­

dent upon the type of redeposited material and the position of the 

redeposited material in relation to the level of ground water and the 

direction of flow. 
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APPENDIX A 

FINDINGS OF REPORT OF FEBRUARY 26, 1981 

REGARDING GROUND-WATER HYDROLOGY 

OF THE JACKPILE-PAGUATE MINE 
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1.0 FINDINGS 

1. The Jackpile sandstone of the Morrison Formation ranges in thickness 
from zero to 230 feet and dips to the north-northwest at about one 
degree through the Jackpile-Paguate Mine area. 

2. The Jackpile contains ground water. The original water levels have 
been lowered by the mining activities as a result of seepage at pit 
walls and underground workings. The Jackpile is isolated hydraulically 
from other water-containing units by shales and mudstones, above and 
be low. 

Pumping of hydrologic test wells shows that the Jackpile yields in 
the range of less than one gpm to about ten gpm. The Jackpile is 
a poor aquifer of extremely limited potential for use. 

3. Pumping of seven representative pairs of test and observation wells 
shows the following average hydraulic properties for the observation 
wells: 

transmissivity 16.8 ft2/day 
hydraulic conductivity 0.22 ft/day 
storage coefficient 2.1 x 10-4 

4. Recharge to the Jackpile occurs primarily southwest of the mine, 
along the upper Rio Paguate, and to a lesser extent along the Rio 
Moquino and Arroyo Pedro Padilla. Discharge from the Jackpile 
occurs to the Rio Paguate in the vicinity of its confluence with 
the Rio Moquino and to a minor extent to the upper portion of Oak 
Canyon. 

Under pre-mining and reclamation conditions a total of about 30 gpm 
moves through the Jackpile ground-water system in the mine area. 
Nearly all of this moves through the South Paguate portion of the 
mine. 

5. Mined materials redeposited in the open pits are two to three orders 
of magnitude more permeable than the undisturbed Jackpile sandstone. 
As a result, ground water from the southwest will move through the 
relatively permeable backfill material of the South Paguate pit and 
will discharge on the north to backfill and alluvial materials be­
neath the Rio Paguate. 

Time for reestablishment of the South Paguate portion of the flow system 
is a minimum of 52 years. 

6. Backfill in the North Paguate and Jackpile pits will become water­
saturated to partial depth, but the volume of ground water passing 
through this portion of the system will be relatively small. 
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APPENDIX B 

GROUND-WATER QUALITY DATA 

SOUTH AND WEST OF JACKPILE-PAGUATE MINE 

N EW ~·1EX I CO 
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GROUND-WATER QUALITY DATA SOUTH AND WEST OF JACKPILE-PAGUATE MINE 

The water from wells and springs west and south of the mine is from a 

variety of geologic units. including the Chinle Formation. Entrada Sand­

stone, Morrison Formation. Dakota Sandstone, Mancos Shale. vOlcanic rocks. 

and alluvium. The TDS concentrations range from 143 to 18.900 mg/l and 

average about 1.585 mg/l. A computerized listing of the available water 

chemistry data is given in Table A. Under the heading "Sample Number, 

Agency", the collecting agency and analyzing agencies are given. The 

abbreviations for collecting agencies are; ACL-Acoma Canoncito Laguna 

Hospital. GS-U.S. Geological Survey. The abbreviations for analyzing 

agency are; N-New Mexico State Department of Health. 

Water from the Chinle Formation is high in sodium. chloride. and sulfates. 

Water from the alluvium is primarily a sodium sulfate type. The springs 

in the area are predominantly calcium or calcium magnesium bicarbonate types. 

The range of TDS in ground water south of the Jackpile-Paguate mine is much 

greater than the range of TDS in the water from the Jackpile sandstone. 

The average TDS is also much higher. 1.585 mg/l versus 995 mg/l. 

Radiologic analyses are available for only three wells south of the mine. 

These analyses show concentrations of RA-226 of 0.09 to 0.19 pCi/l and 

uranium concentrations of 0.007 to 0.1 mg/l. 

8-2 

Hydro-Search, Inc. Reno. Denver. Austin CONSULTING HYDROLOGISTS-GEOLOGISTS 



0700076

The data in this appendix are from provisional files of the U.S. Geological 

Survey in Albuquerque and from files of the Acoma Canoncito Laguna (ACL) 

hospital in Acomita (BIA). Data are as complete as we could obtain, how­

ever, locations of most of the wells and springs from the ACL hospital 

files are vague. Numerous attempts were made to obtain more accurate 

locations, but our calls were unanswered. Approximate locations of samples 

and TDS concentrations are shown in Plate A. 

A request for well information was also made of the Governor of Laguna. 

He presented the request to the tribal council, who voted not to release 

any data to us. Requests for access to wells for the purposes of measuring 

water levels and sampling waters for analysis were ignored. 
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Table B. 

Ground-Water Quality Data 
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" 

.. 

.. 

MG/L 

2'33.00 
H' .00 
74.0~ 

5111 • PC 
1031j 
1.80 

;\.40L 
12b'J.ec 
125~.OC 
112).87 
1209.80 
1& .. ;).OOL 

EPH 

'<.1102 
.533 

2.08f' 
1 U. 785 

• C61l 
.1)29 

rOt4. RAT. 

.2&2 

.02'3 

.11" 

.5'19 

.00" 

.Il02 

----------------------------9Uft o1{) 

11:16.00 
Q.7C 

110.00 
&1' .IIU 

111.30t; 

fl. (j 91 
.? 4" 

5.489 
4.936 

• 4 31 
• (J 13 
.29:t 
.263 ----------------------------365.70 III. 7&4 

37.0&9 
.971) 

.0100 
U.!l 000 

1. 112 
3::'. &21 

1. Z 5 t~ 
• loll, 

',.1 he. 

.. .. .. 
• • 
• .. 
• .. .. 
" .. 
• .. .. 
" .. 
• 
" • ... .. 
• .. 
• 
" • 
" .. 
" .. .. .. .. .. 
• .. 
" .. .. .. .. 
• • .. .. 
• .. 
" " 
• .. .. 
• .. 

.. 
• 

.. 
• 

MGI L 

It~.Cu 
lltlt.Ou 

1.45 
.31t 

7. re l 
~q 3.7'1 
gO 2. J a 
39 -I. 7'1 
3".~. 7q 

[~.., 

1. !1j4 
7 • 1 (,2 

• 0 7~ 
.0 or; 

Ie'l •• ~T. 

ol':i7 . ~ ~ ~ 
• (O'~ 
.001 

-------._.------------------3q3.7g fl. c; l~ 

6. ') ,}'1 

• U 0 25 

• C 120 

• C 0 ~') 

• or. 70 
• Ii 950 

< • ... ;; 20 
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.. 
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• 
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• .. .. .. .. .. .. 
• .. .. .. .. .. 
• • .. .. 
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ANACLNOA COPpER COMPANY, JACKPILE-PAGUATE (NMI ~I~E - ~A:EP OUALITY DATA 
SJ;S~Aj(y ~F Hllli.1\ CHEHI':;UY ANALYSr::. REPURT DATE 05/1!5/61 . 

" •• '~ •..• :I' .' ••••.••• • ~~~.~'·· •••••• ~ •• -.~.¥ .. ' .. ~ ... ' ... I.~ ... ~ ..... '~f ••• •••• ~~ •••• ~ ••• 4 ••• ~.~., ••••••••••••••••••••••••••••••••• 

• ••• • U~p .. E FO ~~ 
f L. .. ~Ar .IJ'I A; A 
, SA1P. Co t>U t>~ !'r AG(.;r~CY 
• C~~~!CriO ~AIE •. ~HE 
II IfAr;.<i: LU L , 
, (~~P~~AiU\E (CI 
':lrt (·:FLEL.(i, ~=LA,H 
, 'OS ISUM ~F ~,UiS, H~/LI 
II r J:i (BY c:vAP., :1G/U 
• rJ~ Ity CA!.C., 11./LI 
II J.J::i '~U)\- ....... Z. ~Ii/LI 
• )P.CJr~D. CU'1HJ~/CrH25CI • , 
• 
, HC03-
, C) 3-· 
• eL-
• ~JIt-. 
• F· 
II ill3-
• P)4-·· • 
• r Jf A_ A~LN;; • 
II ;jA' 
• K. 
• Gil' II 

Ni .. • 
• rJ1A~ CAT.U"~ • 
• JI~2 C~G/~I • , ( .. r A_ E?~ 
, ANluiS I CA.i~N5 
II , 
II 

• 
II 

II 

II 

• • , 

AS 
all 
C) 
C~ 
C~ pa 
Hi ..): 
A .. 

II CJ 
• F:' 
• Iii 
• PHt: .. ~L..: 
• Zi • 
• A .. f ij 

II 

e) 
HJ 
f'1 

• IJ II 

II :; .,.) S S Ai."'" A 
II J,AtHI''f 

HIGIL I 
(i1G/L. 
, Itbh • 
(riG/L I 
C HG/Lt 
(r1~/L • 
H1Gh I 
'HG/L I 
CM:i/U 

,It",,- » 
Ct1Gh I 
(~"/L ) 
'HG/L I 
( ~G/L.J 

(fIlii L I 
(I1Gh J 
(ri~h J 
(lililL I 
Htoi/L I 

( ~ii/L.l 

(PCI/ ... ' 
Cl1ii/ .. ) 

.. 

• 

.. 

• "'-226 • u·ae 
• ~ A - 22 6 • - 228 
.. ;:'S·2111 
.. (ri-230 
, 1-1-232 , 

C ,"lCI 11.1 
(PCIILl 
(;JCJ./Lt • 
( PCIILI 
(PCil L.I 
'PC1/1.t ;.. 

.. CA 1 MG 
II iA I II. 
.. CAt:1~ I 'Uti( 
II "C~3.Cu3 I CL';)J4 
II iJIt , C. 
• 

~G25 NEW lAGUHA '1 W~LL 9RFT 

LGU 9 - AeL-N 
01/18173 1200 

8.0uL 
1284.41 
1181.00 
1120.39 
1264.47 
1450.01lL 

~G/L EPH ION. RAT. 

322.80 5.291 .291 
18.60 .620 .U34 
61.40 1. 732 .095 

500.50 111.420 .572 
1.81 .095 .005 
3.10 .050 .003 

.03 .001 .000 ---------_._----------------
908.24 lA.209 

243.2f1 
3.13 

75.20 
51t.70 

10.579 
.080 

3.752 
4.500 

.559 

.001t 

.198 

.238 ------_._-._---.------------
376.23 18.911 

31.121 
.963 

.0300 

0.1100 

.831, 
132.184 

.771, 

.48& 
&. ~ 1& 

.' LL,2& FIiG~r~AL iI ... LLALiE .. .. 
• • 
• .. 
• .. .. 
• • 
• • • • • ... 
• 
" • 
• .. 
• .. 
• .. 
• ... .' • • .. 
• .. .. 
• • • • • • ... .. 
... 
• ., ,. .. 
• .. 
• .. 
• .. 
• 
Ii 

• • • 
~ 

• .. 
• .. .. 
• • .. 
... 
... .. 
~ 

.. .. 

MC,/L 

292.00 
28.00 
27.00 

It 53.00 
• <JC 
.40 

Lb120 - ACL-~ 
07/ig/56 i20~ 

26.00 
S .1Ul 

1139.3() 
10r:.If.OO 

990 • /III 
1139.31.1 

EFM 

If. 78& 
• 93.~ 
• 7&2 

Q.431 
.047 
.00& 

lO~~. I'AT. 

.3 OS 
• 0 5~ 
• IJ If" 
• 5 91 
• U03 
.!) 00 

-~--------------------------R01.30 

2 6~ .00 

"1,. (;0 
11 • lie 

15. %& 

12.311 

2.196 
.905 

.7q9 

• 11,2 
• 059 ----------------------------

3,~R.UO 15.1,11 

31.377 
1. U 36 

J.!J iJ 00 

2.42f> 

.5&1 
l.".JIP 

.. .. .. .. .. .. .. .. 
" .. .. .. .. .. 
• .. .. 
• .. 
• .. 
• • .. .. 
... .. 
• .. 
• .. 
• 
• • .. 
• 
-• • .. .. .. .. 
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• 
~ 

• .. 
• .. .. .. 
... .. .. .. .. 

MG/l EP'1 [ON. RAT. 
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----------------------------
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• 
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• • • • • • • • • • • • • • • • • • • • • • • ... 
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A~AC'J!iDA·C()PPcr.. COMPAIH. JACKPILE-PAGUAH (t,M' ~lIE - I'AE·) GUIIL:TY DATA 

SUII'1AH JF ,./IT';I\ C:"~Ml;:;H~ AtUILVSn REPORT O/lT~ 05/115/.31 
.5J •••••• ~ ••••• • ••• ~ •• ,J .• , ••• ~ •• 4~ •• ~' ••••• 4.M.~ ••• * •• 4 •••• -.~ ••• ~.~4 •••••••••• ~.~ ••••••••. ' ••• ~4 ••••• ~ ••••••• ~4.~.4 .•.• ~.~~ .•.• ~ ••••• 
• • • • • 
IJ SA'1PL.E. P()iI~T • lG27 E.I.CIIUl CA:~YON SP··:lllG .. lG27 ENCINAL CAI,~ON SPI)~tIG • L'.>2fl tlC,\I/lL C.J:1I-1 ~Y::;T t;:~ :,PlI':G" 
• LUCAr IO~ .:'AI A .. .. 
IJ SAMPLE. t.UMBI:Kr AGE.I'CY· It.121 - ACl-N .. LG122 - dCl-II LG1~ I - Ar:l-~ • 
IJ COlUGTlON LJA to r l'k' 01127/67 1200 " II 11 Ifll 73 1200 • L(,/l'3l7l1 UO!) .. 
IJ .. A T E.f\ U \I c l ' .. • .. 
IJ ... .. 

IJ rE'tPERATI,I"E tCI'" .. 
IJ PH CF=FI:.l.O, L=I.A~I' 6.00l .. 8.00l 4 ~.1'JL IJ 
IJ IDS (~U:1 uF lo~:U;;S, MG/U ' 11)0.76 • 14.i.oft 121.31" 
IJ r uS (t3 V ;: II AP ., 'H'I L I' 105 • 00 .. 15 A • J 0 1 'd • 0 ~ • 
IJ IDS (BY CALC .. fiG/LI' %.39 .. 94.33 9~.73" 
IJ US (SUM-~lu2, 11G/LJ' 150.78 .. 143.">ft 121.31" 
IJ SP.CONO. CUI1H"S/01.;)25CI " l'l<;.OOl .. 190.00L • 1117.0GL .. · .,. . 
.. • H(dl Ef'H ION. RAT." MG/l f: P "1 IC~. UIT. tiG/.: r:YH LO:'. ;;'IIT. ,. · "" .. IJ HCG1- .. 107.00 1.75,. .915 .. 97.00 1.'390 .Mg· 75.90 1.2ft4 .7% .. 
IJ Cll·- a: c.oo &.000 u.OOO • .'1(; .U27 .01&" 
• CI.- 4.50 .127 .0&& .. 3.50 .Ogg .0<;5 3.% .t07 .06<;. 
IJ Sl4-- .. 1.00 .0Zl .011" 2.90 .060 .03ft.. 12.CC .25~ .152" 
IJ F- ".25 .013 .0(17" .33 .017 .0lD" .2ft .~13 .']\111 .. 
, NG3- .. .13 .002 .001 .. 1.24 .020 .011· .2& .004 .003 " 
IJ PJ4---. .. .05 .002 .001 " · . ------.-------------... -._.- . -----------_._-------------- ------_._-------------------. 
IJ roJAl MUONS "112.88 1.917 • lOS.1l2 1.7"" .. 93.0(1 1.fi4<; .. 
IJ "" • 
IJ ,.... • 10.00 .435 .217 .. 11.50 .SOO .<'65 .. q.2C .ftCO .211\ .. 
IJ Kt • 3.10 .079 .040 • 3.52 .oga .0411 .. 3.51 .(9,; .Oft9" 
IJ c,.. .. 17.00 .846 .,.23 • 20.00 .993 .530 HI.ftC .9111 .5LiJ • 
IJ 111i.. .. 7.80 .&42 .320 .. ~.&O .216 .1'07 .. 5.2u .ft2~ .233" · . ---------------------------- . ---------------------------- - .---------.----------------- . , TJrAL CATIQII.:i • 37.90 2.004 .. 311.&2 1.'''''' • 36 •. 31 1.'1.lb .. 
IJ .. .. .. • 

IJ SI02 (Hlo/LJ ". .. , 
IJ rJrAL EPH 
IJ lNIONS I CATluN5 • Ai 

BA 
GLl 
C~ 
Cri 
Pd 
H:I 
SE 
A~ 

Gil 
FE 

, Hri 
IJ P~EN~I.::; 
IJ Z~ 
IJ 

• Al IJ a 
IJ CJ 
IJ HJ 
• NI IJ 

• V IJ· 

IJ t;;U~S AI..PHA 
IJ U~AI~IUI't 
IJ RA-Z26 
IJ U.Z2l1 
IJ R. 11·22 6 + - 22 6 
IJ Pt)- 21D 
IJ r .1- 21 0 
IJ r Ii- 23 2 , 
IJ CA 1 HG 
IJ NIl I K 
IJ CAUt .. 1 .~ A +k 
IJ HCOJ.C03 I CL.+::>JIf 
IJ SiJlt I CL 

" 

(fiG/L I 
(I1G/l' 
HIGh I 
(111)1 L..t 

1111>/L' 
"lo/LJ 

(rfb/L' 
(Mlo/L I 
(l'1b/l I 

(MGI l , 
(11\>/~ I 
"'IG/Lt 
(!hit .. I 
( 1'1 .. /LJ 

(HG/L I 
(,11.1 I.' 
PI;'I L , 
(;otG/d 
C ,11>/ .. I 

(rfG/ .. , 

, ,. .. 
• , .. 
• , 
• .. .. .. .. 
• ,. 

• .. 
" • 
• .. 
• 
~ 

• 
(PCiJU • 
(·of:..I.:' 
(pel/L) .. 
(PClId • 
CPC.L/LJ • 
IPCI/U • 
(PCL/L.' , 
CPCI/U • 

................ .. ; •••••• "I." .-4 ...... ••• 

3.921 
.956 

.121l0 
O.OOIlG 

:. 3Z2 
".108" 
Z.P97 

11.!'6P 
.11i4 

.. _I. -. .... IL •• :.. .I "' ... .# l" " " .... ,. , a. .. 

• • • • • .. .. .. 
• • .. 
• .. .. .. .. .. .. .. ,. 
'" .. .. 
.. 
... 
'" .. .. .. .. 
.. .. .. 
.. .. .. 
.. 

3.672 
.9ftQ 

3.370 
5.<;r;1I 
2.tv 
q. :l'32 

.<'12 

.,. ... .,., ... ~ ............ .... '.-"' ........ ;, ...... ,,, .... 

.. 
• • .. .' .. 
• 
" • • .. .. .. 

& .. 
& 

• 

< 
< 
< 
0( 

0( 

0( 

0( 

0( 

0( 

< 

J.480 
• 1I'l1i 

.0050 

.11l 011 
• Ii 0 1U 
.Ii 0 5C 

.QG% 
• a ~ 5U • a 050 
.0 1l1O 

.2500 

.1)500 

2.140 
4. ft 5q 
2.747 
3.Sl)q 
<0:.331 

.. .. .. .. .. 
" • • .. .. .. .. .. 
• .. .. .. .. .. 
• .. .. .. 
• .. .. 
• .. .. .. .. .. .. .. ... 
• • • 
" • .. .. .. 
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ANACO,j['A COPPER rOMPAN'(, JACkPILE-PAI"UATE INI1I MIN'? - \.lilT:"" f1UALIT'f rATt. 

SlIH'IARY tlF HATt-1< CHE~bT~' At.ALY:;l~ RCPO!H OAT': 05/1i5/81 
.......... , • ...... # •• • • ••• ' • ....... " '". ~ ¥ ....... " ..... .f. ....... of ............... " • f· ... of· ........... ..,. ... ¥ ............... :,..,. ... a ............... V" ...... "!l.' ........ ' .... .,. .• f" •• , ..... " ., .. " ••• ~ 
OJ '. .. 
• SAMPL.E. POll~' • 1..(,2<1 fl.CH.AL CJMM SYST NR WllID11LL'" L.G~O ~ trCWAL COMM 5YS1 1.25tH ..; 
• LOCAT 10:-' OAT A • 
• SA~PU. MJih:c. ... t At;t.;4C'( Lb12'+ - ACL-N .. L&i25 - ACL-N • CULLEGThli. LAH., 1 ... 11;:: 1212/t/61 1200, • 

~ArE.~ U.\IEL .. 121<'''/61 1200 

rE~r~RATU~~ CCI • 
PH IF=Fj.':'i..l!, I..=L.A"I' • 
rus (~UM :JF Gr<.O~S, .. GIlt ~ 

to) .BY £iAP., HulL' .. 
OS IbY CALC., IH./U • 
0) ;,UI1-::'.I.u2, 111>/..} • 

)P.CO~O. (UMHUS/CM~25CI ~ 

6.30L 
1166.60 
1125.00 
1001.09 
111')6. /JO 
15'11l.00L. .. 

• t'G/L .. EPH 

HCO.3-
Cl3--, 
CI.-• .)J It--• F-• NlJ-• PJ4---• 

.. .. 

.. .. 

326.00 5.343 
o .00 II. 000 

22.0E .621 
449.0 'J. 348 

1.10 .058 
1.40 .023 

ION. kAT. 

.347 
iJ.O DO 

.0'+0 
• &07 
.001t 
.001 

• .. .. .. .. 
• .. .. .. .. 
• ... .. .. .. 

tlGI L 

32 Q .OC 
0.00 

23. lIO 
456.UO 

1.10 
1.90 

6.3eL 
11111.30 
114a.OO 
1014.07 
11'11.30 
15'iO.OGL. 

E PH 

5.392 
0.000 

.6'+"1 
'l.'+94 
.056 
.Il 31 

lOtI. R,AT. 

.34<; 
).:)00 

• U 42 
.6UII 
.004 
.002 

• 
• T or AI.. At.iUN~ 

-------_._._-----------_ .. _-
of .. 
of .. ----------------------------

• • NAt • Kt • CIUt • 11(;" • • ror AL. CAT lut.:' • • 5102 • • ror AL. C:PH 
• ANIONS I CAT IONS • • A-
• ai , co • C~ • ~~ • • H(; , SE • Ali • • CIJ • FE , HN , PrH.IILL.!:i • ZN • • AL • a , 

CJ , HO • til , , II • 
, ilOSS ALPHA 
• LlkAHIUM 
• ~A-226 
• RA-2Z6 
• IU- 2Z (, t - 228 
• P s- 210 
• JH-230 
• Ii- 2.32 • 

I MG/L • 

UI';/L. I 
(l'1(il L I 
li1~/i..' 
Ili~/L) 
( :1(,1 Lt 
1t1(j/i..' 
IHb/LI 
I ,iG/L I 
C1GfL • 

I HG/LI 
1;11.>1 L I 
C:1€./LI 
1'1111;. I 
( ii~/L.t 

11'1';"- I 
HI:';/L' 
111~/Lt 
li1(j1l..1 
(i1~1 L t 

lI'll>1 L I 

IPGL/LI 
I t1 10"- • 
(PGLld 
I P GJ.I L.I 
CPC>:/LJ 
IPG1II.J 
'PC!! LI 
I i'G11 LI 

.. .. .. .. 
• .. 
• 
" • • • ,. 
• .. 
• 
.. 
• • • 
• 
I, 

• .. .. 
". .. 
• 

• 
• · I 

• , 
• • 

199.50 

328.00 
4.30 

23.DO 
12.00 

367.30 

15.392 

14.268 
.110 

1.11t8 
.987 

16.513 

31.905 
.932 

.2 !tOO 
0.0000 

.6&'+ 
• 007 
.010 
.050 

• .. .. .. .. 
• .. .. .. .. , .. .. .. .. .. .. 
.f­.. .. .. .. .. .. .. .. 
• .. .. 
• .. .. 
• .. .. 
• • .. 
". 

• 
• 
". 

" 
• 

'111.00 

334.00 
'+.30 

21.00 
11 .00 

.370.30 

1<;.624 

lit. 52'; 
.110 

1.046 
.905 

1&.592 

32.215 
.942 

.6600 
0.0000 

• GA 1 fiG 1.163 1.15e 
'~A/K 12'1.7&7 132.141 
, CAtH(; I NAtK .1'+11" .1H 
• ,.(;)3tC03 I CLt5J4 a .536 • • ~32 
• 504 I CL • 15.U63 1~.b32 

• 'I 76 
.007 
.063 
.055 

.. .. 
• 
of 

" 
... 
• .. 
.. 
• 
• 
" 
" 
• 

" 
• 
• .. 
• • .. .. 
• .. .. 
'. ~ .. 
.. 
• .. .. 
.. .. 

' . .. .. ,. 
.. 

• .. 
" 

.. 
• 
• 

" 

· . , ~ • .... • •• • ... • . .A.. .. • •• • . ...... .. 1if oil ....... a ...... ;. ............. ; ...................... 4: ... ~ :, • - 4 .......... ~ •• .t.. . .. f ...... +.11 ...... '" ........... ~ .. » • ",,' .... ..,. ... 

ddl k~LL 
G'1.0' •• 16.321t 

f'G/L 

320.UU 

U,OOl - (,~-
OS/L II:; q 1200 

320. on 
3~J.OI] 
32U.C~ 

3HI].O)L. 

:: Pl1 

l. U 27 

rUll. "AT • 

1.000 

----------------------------
.~zc.oo 'l. 027 

4.027 

.t .•• ,." ....... .t "'_11 :."" .... ,:., ......... • :a...;,.A ... " 
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AIIACCIIDA COPf>E~ COMPANY, JACKPILE-PAGULllt: U.N. HII~C: - "AT~'1 (lUALIT"f nAU 

SJliPURY OF kAHt< CtiEMIHk~ ANALYSl~ R£PLJRT DATE 05/05/H 
•••••••••••• a ••• +¥ ••••••••• ~.~~ •• ~.~., ••••• ~ ••••••••••••••••••••••• 4 ••• 4 ••• ~.~ •• ~~._ •• ~ •••• ~ •••••• ¥ ••• +f.~ ••••••• ~ ••••• ~ •••• ~.~ • ••••• , . ., - '" . 
" SAMPI.E FIJINT • LGH HLL .. Ll>3.l "',[SlTA OAt SCHOOL KITCHEN • L.G34 t'S!U "U',p H~~ t<ITO VILLAG~" 
• LUCArION UATA 09.Q4.16.3liD" (9~04.1f1.313 Ijq.O' •• lQ.211" 
• SUPL.E. tlU.1I1rl<. AGc.r~CY U002 - GS .. LIO003 - ACL-N UGH - ACL-N .. 
• COL.LECUul'4 lJAh, T .I.Mi· 01116/59 1200 .. 08/23/b2 1201) ll/U/~l 1200 .. 
• jfATE~ LE.Vl:.l·.. • · .. . • TEPfP=RATUkE. (C'" .. .. .. 
• PH (I!=Fi~I.O, .. =LAd • .. 8.10L.. • 13.401. .. 
• TUS (SUH Uf 6",0;)S, HII/L. .. 7f1.o0 "1615.70 13Yl.70" • IDS CBY EvAP., 11l./U " 'fo 1451).00- l1QO.OC .. 
" OS SY CALC .. 1t!>/1.'" 78.00 .. 1339.69 ,. 1162.91 .. 
• US ISUH-:.I02, ·h"I.'" 73.00 .. 1615.70 13Q1.70" 
" Si>.COUU. (UMtfOS/Ct10l25C. .. 2680.001. .. 2110.00L l""U.OOL' 
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511.0(L 

EFH 

It. 261 
il. a ali 

031C 
.7'31 

ION. RAT. 

.7,}5 
o.oou 

• G 513 
.14'l 

· . ---------------------------- . ----------------------------
IJ TJTAL At.IJNS • 76C.DO 17.96& • 
IJ 

• • • 
IJ 

• 

Wl + 
K+ 
CAH 
HG •• 

IJ 'J'AL CAT.iUU;;; • 
• SI02 IJ 

• rOT AL EPli 
• ANLO~S I CAT I!JNS 
IJ 

• • • • • • , , 
• IJ 

• • • • • , 
• IJ 

• • • IJ 
IJ 
IJ 

~i 
CD 
C~ 

~~ 
H~ 
SE 
AG 

CU 
FE 

~~~NUL;) 
z~ 

AL 
B 
CJ 
HO 
NI 

V 

• GftJSS ALPHA 
• UftA NI Uri 
• u- Z2 6 
• RA-226 
• RA-2Z6 + -226 
• PfI-Z10 
• TH- 230 
• TH-Z32 • 
• CA / HG 
• itA I K 
• CA+l1G I :U+I<. 
• HC03tC\J3 I CI.+~J4 
• SU4 I CL .. 

(rilill. , 

II1G/L, 
Irt .. /LI 
1.1lil L 1 
(Hli/L 1 
«rilil LI 
(.'1&/L , 
"'1 iii L 1 
«tiG/L' 
(MG/L. 

( HG/LI 
(itli/L I 
(Hli/'" 
(,1G/L 1 
( HG/LI 

(riG/L, 
(It GIL , 
(liGI-. , 
Uibl!.. , 
(liG/L.' 

C ~tG/LI 

.. 
• .. .. , 

• • .. .. 
• • .. 
• • 
• • .. 
• • • .. 
• • .. .. 
• .. , 
.. 
• -(pel/L' • 

(,'fIi/L' 
(PCl/d 
(PCIIL.' # 

(!'CII LI • 
C !'CII LI • 
( PCi/d 
( PCr/L' 

to 

• 

----------------------------

17. '}G& 

1.1'31) 

.. .. 
a 

• ... 
• • • • • • • • .. 
• .' .. .. 
• • • • • • • .. 
• • • .. .. .. .. .. 
• • .. .. .. 
• .. 
• • • .. .. .. .. .. 
• .. 

30'3.00 5.36.' 

----------------------------
10.00 

5.363 

J. 1lf'J 
2.55;) 

.. 

• • 
.. 
• • .. 
.. 
• .. 
• 
.. 
.. .. .. 
• 
• .. 
• .. .. 
• 

-.. .. .,. .. .. .. 
• 
.. 
• .. .. .. 
.. 
" • ... .. .. 
• 
• 

• .. 

~G .. t i-H.l 
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LbJ2& - ('S-
f:RI23/f>6 200 

"'('/L 

21() • rJ r, 
u.lJu 
4.30 

22. JG 

236 oJ!? 

Il.HF 
24& .20 

139 .4& 
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372.0'JL 

i:.P11 

3.442 
r:. ('0 U 
.121 
.4511 

4. 021 

1,,) N. ~.AT. 

.1\51) 
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.114 

._--------------------------
g. qO 

4.021 

5.941 
3.7n 

• • 
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• • , , , 
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po .. --· 
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NI .. 
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tt; .. 
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• 
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" .. 
• ,. 
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220.00 
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1. HI 

1&0<:1.10 

IoH.OO 
6.40 
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Z 2 71.50 
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U .. !).50 
Zc)OO.DOl 

EPH 

6.851 
0.000 
6.206 

20.195 
.058 

33.311 

17.835 
.164 

6.487 
7. "85 

IOt~. RAT. 

.206 
0.000 

.186 

.606 

.002 

.558 

.005 

.203 

.23" ----------------------------637.40 31. 971 

• .. 
... 
• ,. 
... 
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• .. 
... ,. 
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" ,. 
• • • ,. 
• ,. 
• • • .. 
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• SI02 CMG/LI " 25.00 • , . . 
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• Hli (liIi/L' • • 
• SE (I1G/LJ .. • 
• AG (I1G/L) ,. ,. • • • 
'CII (thill. " .. 
, FE ( Ii GI LI " .0 100 • 
• HN Ht (il i.. • .. .. 
,. PHE.NOL::' (I1G/L" .. 
'Z" (ltG'L. • ,. .. , .. . 
• AL. Cf'lii/L' • 
• B (I1G/LI .. ." 701! .. 
'CJ (:1 .. /LI ... • 
• 111) (t1lJ/U • .. 
• HI Hilil L • • ~. , ~ 

'V ("'(jIll • < .0100 .. · .. . 
• ti~OSS AL~HA ("Gl/\.) • .. 
.. URAt.IUIt (11"/l' , .. 
.. RA-226 (PC!IL' • • 
.. ~A-Z26 (PCI/U • .. 
, RA-226 • -228 (PCI/LI" .. 
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I\(; .oe 
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37.845 
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.995 
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----________ .4 _____________ _ 

'H6.80 36. 01<:1 
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.6400 
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• L!,f.4 ~ t LL 
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~ 

" .. 
& 
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" .. 
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.. 
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U.UO 

iH.OO 
7%.00 

1.Se 
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Ul/25177 u'l15 

7. /jOF 
l1dl.IIU 

17&&.213 
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2"~~, ODL 

[HI 

n.':!"'! 
u. 0 O~; 
t.7<:16 

11).44'1 
.079 

lONe k.AT. 

.24r, 
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.170 
• S '12 
.1.103 
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4tl~.OO 
1I.3L 

!ll.IlO 
75.00 

Sfj4.3( 

2'1.272 

17 ... Oil 
.212 

4.042 
6.170 

27. ~<'4 

32.0li 

56.0 q5 
1.01f> 

• U laC 

... TOu 

< .1000 

• fJ5S 
!It. gil£, 
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:' ... n 
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.008 
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•• , •••••• , ............................................. , .......................................... " ................................. .& ............... "."' ............ .. · .. . " ...... . 
• SUPLE POINT LG!o5 HlL • L(,4& Hll 
• LI)CA1IUN OA1A (JQ.0&.10.12Z" OQ.o60310130 
• SA~PL.f. hU~t<::Eii.1 Ali:, .... Cy LI>OJO - GS- • LG031 - GS-
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.. MATH ltllEl" .. · . .. 
.. rEHP~;;'A'U"c. (C.' • 
• PH (F=FIEUj. L=~A'II .. • 
• ros (SUM uF Gi-'.05S, MG/Lt • 2<)7.80 .. 
• r a Sid Y E" AP •• i1 GI LJ .. 
.. ros lOY CALC., ~IG/U" 201.22 • 
• rus (SUH-~IU2, 'lb/L.' 280.80 " 
• SP. CJ~D. (UHthJS/CI101l5C. 347. DOL • • • • 
.. .. riG/L =:PM ION. RAT. • • • • 
• HeOl- .. 1<)0.00 3.114 .654. 
.. Cll-- .. 0.00 0.000 0.000 .. 
• CL - .. 4 • 0 Ii 0113 • 0 31 • 
• SJ4-- .. 1<).00 .396 .108" 
• F- # .40 .021 .GO&" 
• 14:13- .. .20 .003 .001. 
.. PJIt--- .. 

MG/L 

2110 • 00 
0.00 

60.00 
1200.00 

.60 
1.70 

14.50 
7.40F 

1692031) 

1749.ge 
1671.30 
2530.0ilL 

EFM 

1t.~89 
U. 000 
1. &93 

21t.961t 
.032 
.027 

IO/~. RAT. 

0147 
0.000 
.054 
.79R 
.001 
.001 · . ---------------------------- . .. Tor AI.. AIHUN:' • 213.60 3.6107 .. .---------------------------

• 
• Nl. 
• Kt .. Cl •• 
• 11(; •• • 
: TOTAL prruus 

• SI02 .. 
• rOTAL EPN 
.. ANlo~S I CATl~N5 • • 
• .. 
• .. , 
• , 
• • , 
• • • • • • • • , .. 
• , 
• 

~I 
CO 
CR 
C~ 
PB H; 
SE 
A(; 

cu 
FE 
H~ 
P~ £tieL 5 
Z:i 

AL 
B 
CJ 
HI) 
IiI 

'I 

, ';RJSS ALPHA 
• UJ\A Nl UH 
, RA-226 
, U-228 
• RA-226 • -226 .. :>s- 210 , J Ii- 230 
• H- 23 2 • 
• eA 1 II ... 
• '4A I K 
• CUM(; I ;U." 
• ~CJ3.C03 I CL.~J4 
• SJIt I CL .. 

• 
• • 
'" • • • • 

" .. GIL. .. • .. 
• • 

(11G/L. .. 
(ttli/l. • 
(H<i/L. • 
Il1li/l I • 
(r1G/d • 
(Mt:>/L.. .. 
lHG/U .. 
IMG/L' • CM<i/L. • .. 
'/1!./l t • 
(HulL.' .. 
(Iito/L. .. 
(HG/L' 
"'tG/L' • 
(,'1I.J/L' • 
(I1G/l' .. 
(l1li/l I .. 
(HG/LI • 
(MGI ~ • .. 

• 
(HlI/U 

(PG.i/~j .. 
(.'liJ/L. 
(PCI/L.l • 
IPClf U • 
(PC1/U .. 
(PCI/U ~ 
(PC11 L •• 
(PCIIU .. .. 

&0. 00 
7.20 

2.991t 
.592 

.835 
0165 ----------------------------&7.20 3.586 

17.00 

7.233 
1. 017 

5. 0 5~ 

&.125 
3.50& 

• • • • 
" • • .. 
" • • .. 
" • .. 
• • • • 
" • • .. .. 
• • 
" .. .. 
• • • • .. .. .. .. 
• .. 
" .. .. .. .. .. .. 
.. 
• 

151t2.30 

2 Ito. 00 
119. GO 

31.325 

11.97& 
7.321 

.621 

.379 
. ---------------------------

329.00 1'J.297 

21. 00 

50.622 
1.&23 

1.f>3fo 

.172 
110.7&1 

• ~[''+7 tl,GItltL "~'n~tl:LL 
• !V.a&.C3.132 
• lLJ32 - ACl-N 

011/271&2 I2l\) 

.. 
.. 

3.10L 
%2. SCI 
147.011 
'Jf>2.67 
1,,2.50 

1US.Oll 

• 11(,/l EHi L)ti. r.AT. 

.. .. 
• 
• • • • .. .. 
.: .. ., .. .. .. 
.. .. 
• 
.. .. 
• 
• 
• .. 
" • .. 
• 
• .. 

~ 

.. 

.. 

1 <.Jf • u c 
( .0 U 

~l.~L 
44u.QO 

.6C 
o • 00 

3.212 
J. ~ U U 
1 ... 3q 
g.l&l 
.032 

oJ. ~ Ou 

.n2 
I). ~ ilO 

.104 

.10 &2 

.I,)U2 
;J.~Ou 

----------------------------f> 0,7 .60 

124.00 
1.% 

Q9.0C 
5C • uc. 

13. 11"4 

5.394 
.Cl1t9 

't.940 
4.113 

.J72 
• 0 OJ 
• J 41 
• 2 .~4 ----------------------------274.90 14.491) 

21i.339 
.955 

.020G 
0.0000 

1.201 
1 U. "26 

1. t63 
• J 93 

,,.3 f> 7 

.. 
• .. .. .. .. 
• .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
• .. .. .. .. .. 
• .. .. 
• .. 
• .. 
• • • .. .. .. 
• .. .. .. 
• .. .. .. .. .. .. .. .. .. .. .. 
• • .. 
• • .. 
• .. .. .. .. .. .. .. 
• • .. .. .. .. 
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SA'1PLE. f'll~I'IT .. L.G4/J ~,!'Ll .. ll,4q hLL & "-b?U ~f.dl.l: 
LOCATlut. ";111 A 1(0.06.03.334" lC.06.0lt.2a H.~b.~1.4'0 
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r OS I SUM \If Gro..05;:>. MG/LI " 

J 
OS C BY E, AP •• M ~I L , 
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CJJ-­
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PJ,.---

r Jf AL AldJN5 

NIH 
K' 
CA" 
Hli++ 
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r J r AL £PI1 
ANIO'lS 1 CIIIluN5 

AS 
BA 
CD 
C~ 
C~ 
PB 
H~ 
SE 
1\(; 

C'I 
Ft:. 
H~ 
PH i:.l'llL:' 
Z'I 

AL 
B 
CO 
I1J 
til 

V 

;;RJ~:; AL."HA 
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RA-226 
~A-2Z8 
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? B- 21 0 
r H- 230 
fH-Z32 
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SOIt I Gl 

• .. 
.. .. 
.. 
.. 
• • • 
• • .. 
• 
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.. 
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II'I",/L J .. 
IM!;I L I 
1,1"/U .. 
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Ct1"/L. J 
'M"/U .. 
I H';/L J .. 
(1t"/L I 
( :11>1L J ~ 

l:iGI L J • 
(,11>1 ~ • .. 
't1t>/L' • 
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H1~/L' 
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(PGlt ... ~ 
PCl/ .. 1 
("ClILI • 

• 

• 

t:G/L 
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(j • C C 
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.50 

q 4Z .50 
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132.0(; 
67 • () 0 

355.00 

13'+7.50 
1191.00 
119Z. 9~ 
1Z<J7.5f.1 
H50.0CL 
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' •• 9~~ 
u. u flU 
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1.000 
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" .. .. .. .. .. 
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.001 

2.104 

.94 p 

.521; 

1." 75 

51. t;: 
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• P.)4---
f 

• 'Jr A .. ANl:.mS 
f 

• NA+ • Kt • CAu 
It I1r;u .. 
f 

• rOrAL. CATIONS 

It 

• SI02 

• rur AL. EPt1 
• AhIUNS I CATluNS • • It 

• 
It 

• • • 
It 
It , 
• • • • • • 

~i 
CD 
C~ 

~~ 
h~ 
SE A. 
CU 
FE 
l1i 
PtH.I~CLS 
Z~ 

AL 
B 
C.) 
HO 
Nl 

v 
~RJSS ALPHA 
U~A Nl UH 
U-ZZ6 
U-~~8 
RA-2Zf + -228 
P .J- 21 0 
r H- 230 
rH-232 

CA I I1G 
• ~A I I<. 
• CAtti:; I NA+K 
• HCl3tC03 I GLtSJ~ 
• SOIf , CL 

(,1::;11.. I 

( I1G/LI 
, t1li/L) 
CtHi/lt 
(;1 iii I,.) 
tHG/1. I 11u/l 
(,1I.ilL) 
Hlli/l I 
(HG/L) 

(t1G/l I 
(li~ILI 
triG/L I 
(11G/L ( i1,,' i. I 
(111311.1 
lIlGI l I 
(til;1 I. I 
(lib/L I 
(/1GI LJ 

(HGI L I 

f 

.. 

.. 
• , 
• .. 
f .. 
" • .. 
-" .. .. , .. 
• .. 
• 
" " " .. 
" .. 
• 
~ 

• 
" .. 
• .. 
• • 
• 

(!'CI/LI .. 
( H ('11. I .. 
(PCr/l) .. 
(PCI/L) • 
(PGl/ll • 
("Cf/Ll .. 
(~C ILl 
( PClILi .. 

~ .. 

61 ... 00 

339.52 
614. il'l 

35"0.00L 

~IG I L £PI1 ION. RAT. 
540 .00 8.651 .'102 

20.00 • GG7 .0&0 
54.uO 1.523 .138 

---._-----------------------614.00 11.041 

11.041 

.. .. .. .. .. .. 
• • .. 
• .. 
• • .. 
• • .. .. 
• • • • .. 
• .. 
• • • • • • • • .. 
• • • • • • • • • .. .. 
• .. 
• .. .. 
• .. .. 
• .. 
• .. 
• • .. 
.. .. 
• .. ,. 
... 
• .. .. · .. 

40. DC 

4Q. O~ 
4il.OO 

21\20.00l 

HC/l EPI1 ION. Rill. 

40.00 1.1211 1.000 

._--------------------.-----
4{) .00 1.12" 

----------------------------

1.121\ 

• 
• .. 
• 
.. .. .. 
~ .. .. 
.. .. .. 
.. ,. 

.. .. 
• .. .. 

.. 
• .. .. .. 

'" .. .. 
• .. .. 

.. 
• 

.. 

.. .. .. 
.. 
• 

.. 
• • 

• ., •• ................... ~ .. to ........ A .... " .. ..... JI. •••• ,. .. ' .. ,"", U ...... J.. ;. a .' ................. 4 :!II. ~ .. l: • & .. M ... ~ ................. ~ ......... )0 ............ .Cf ' ... ;";'f .... 11,~ 

ZI.l .00 
7.7IJF 

1034.77 

81)1.7(1 
9:j1l.77 

l'Hu.OCl 

'1(, I i.. EFH IO~I. RAT. 
.3 bQ .00 5.900 .353 o • DC 0.000 O.CuO 

7u. 0 Ii 1.975 0118 
420.11C 11.744 .524 

1.31l • L &8 .ti1l4 
.47 .OO~ .000 

----------------------------851.77 

100 .00 
47. 00 

1&.&90 

4.'1'10 
3. 1\&1; 

.5G3 

.437 ----------------------------147.00 11.85& 

3& .00 

(1). 552 
1.1185 

.2 &00 

1.2'31 

• sse 
". 4 2,~ 

.. .,. 

.,. 
• .. .,. .. 
• .,. 
• .,. 
• .. ,. .. .,. .. 
• .. ,. ,. 
• • • 
• • • • .. 
• ,.. 
.,. 
.,. 
• • .,. 
• • • ... 
• ... 
• • ... .,. 
• ... 
• • .. .. 
... .. 
• • • .,. 
• .,. .. 
... 
• .. .. 
• ... .. .. .. 
• 

.... U ..... l+·~" ... ~ ...... + ... · .. of ••• JIo.lf ... 
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AI~ACLNDA COP?::~ CO;1PAtH, JACKPIL~-FA(';UAE (~MI MItI': - "A~=:) nUIILIT1 QAT~ 

SU~~A~Y JF ~AT~R CrlE~I~T~l ANALYSIS REPORT DATE 0~/U5/11 
., ........... "' •• .a. - .......... II •••• .......... .II ..... II ....................................... 4 ............. " ...... -. ....... *" ............. _ ... :# .• • 4" :.. .... :... ;, .:. f .. ~ • _ II • .t. If ................... * ...... , • ., ..... . • • • 
• iA1PLl P01IH • LG51t tlLL • LG55 ~f_LL 
• LOCATION uATA 4- 10.iJ&031.ltlt3A .. 1C.O&.~,~.100 
• SA~Pl~ NUMdd(f A&t£IICY Lb039 - GS- .. L('1140 - (;S-
• COLLEeTliJii LA E, TI1E.· 03/161&5 1200 " 1(/2il/52 1200 
• IUT C:~ Lt V::L' • • 

rt.~PERATlJt;E leI • 
~H IF=FrEI.O, L=LAa, • 
TUS ISU~ uF G·~O.i:-'t MulL) • 

f 
0 S C BY £ IJ AP ., H 101 d 
OS (BY GALC., HGI U • 
us ISUM-;)lu2, Hull' .. 

S P. GOI.O. I UM tii,; SI CM 0I25C 1 • 

HCOl­
Cl3--
C.-
SJ It-­
F­
UQ3-
Pl4---

rOT AI. ANllitlS 

,~Ilt 

• Kt C"" I1Ii ++ 

TIlTAI. CATIONS 

SIOZ 

IvT A. Ei'H 
IU UNS I CAT lON:i 

AS 
B" CD 

• C~ 
• C" , PB 
, H;; 

• SE , Ali 
• , CU 

• F~ 
• tUI , PIH_NUI..S 
, Z~ 

• , AI. 

• B 
• CO 
• M() NI 

V 

IIRJSS ALPHA 
U/tAru UM 
u-ZZ£! 
;u- ZZ 6 
RA-ZZ6 + -226 
PB- Zl 0 
T 11- 230 
TH- 23 Z 

CA I /lG 
NA I k 
CAHtG I ~l II +'" 
HCOltCOl 1 Ct.tSJIt 

• 5iJIt 1 CL • 

HIGh' 

C ,IGIL' 
(:1\j!L' 
C !1\j/L t 
C I'llil L I 
( :1G/I.I 
(Mu!"- t 
1 r1\j/Ll 
C MIj!I.' 
1 .IGI L I 

CMG!Lt 
'ilG/I. , 
(i'lGh t 
(~b/LI 
(Mb/l..l 

((till _ » 
(illJlL 1 
C:1\j/LI 
'~"/t.» ( '1,,/ .. , 

• .. 
• 

• 

.. .. .. 

.. .. .. .. 
• , .. .. .. .. 
~ 

• • • • 
• • • • , , .. .. 
• , .. .. .. .. .. .. 
• • .. 

IM~/LI • 

(!>Cl/Ll • 
(:-tu/L I 
C PCl/L.) ~ 
(;>Cl/Ll • 
(PCLI LI 
(pelld 
(PGlILI 
I pell LI 

• 
" .. 
• 
• 

~G/L 

370.00 
D • UO 

1)6. DO 
430.00 

1.30 
.lt7 

6.00F 
10 It7 • 77 
1081l.00 OJ 1't0 C 

859.7Q 
1019.71 
1530.00L 

EPH 

&.064 
0.000 
1.918 
6. '353 

.0&6 

.OOR 

ION. '1AT. 

.356 
0.000 

:Hi 
.004 
.000 

----------------------------61)q.77 

97.00 
53. DC 

17. U11 

4. !I/to 
4.3&0 

.5Z& 
• /t 74 ------------.. _-------------150.00 9. ZOO 

26.00 

2&.211 
1.649 

.Il 400 

10110 

.55/\ 
".667 

• 
• .. .. 
• .. .. .. 
• • • .. 
• 
• • • • • .. 
• .. 
• • • • • • .. .. .. .. .. 
• • • , 
• • .. .. 
" • • • .. .. 
• • .. 
• .. .. 
" .. .. .. .. .. 
• .. .. 
" .. .. 
" .. .. 
~ .. .. 

MG/L 

420.00 
o. or 

J7.0(' 
1200.00 

1.40 
.32 

1'-1~2.72 

1&;:'9.23 
16o,}.72 
~'I1U .OUL 

iPH 

&.664 
Q. 000 
1.044 

24.964 
.G74 
• ADS 

I()I~. ~AT. 

.209 
0.000 

.032 

.757 

.002 

.000 

--------.. _-----------------
1&51\.72 

13G. GO 
61.00 

211.00 

32.990 

6.487 
&.6&3 

13.150 

U.Du 

4&.14li 
2.50Q 

• q74 

.2&4 
2 -~. g;tf) 

.493 

.507 

• LI"S!) f /I,~AJt "'::LL 
lu.Jb.33.122 

" 

• 

• 

.. 
• 
.. 
.. .. 

• 

• 
" 
• 

• 

.. 

.. 

.. 

.. .. 

.. 

.. 

.. 

'1G II.. 

276. 110 
() • il (j 

41. ,,0 
1133.00 

2. lIO 
.li4 

LL"i41 - ACl-N 
111 15/5F. 12ilJ 

S2 .0 C 
7.4t;L 

21()!).04 
20l8.0u 
1 %5.75 
21ilb.04 

EPM .. V~~. kAT. 

' •• 524 
U. 000 
1. 157 

2 ~. 58'3 
0105 
.001 

.154 
0.000 

• i; 39 
.~ 03 
.Oil4 
.(JOO 

----------------------------1457.04 

52:!.OO 

104."C 
27 • D~ 

2q. 375 

22.751 

5.1% 
2. 221 

.754 

0172 
.J74 ----------------------------()54.0lJ JJ.l()l 

5'3. 53F. 
.q74 

2.337 

.1113 
~!J. 'lq? 

•••••• ••• ·.~.·.~ ••••••• -&'44~ .• ·.~~ •••• '.4.- •.• ~ ••• ~+*~~ •••••• ~1~~.~4 .• +.4~.~._'£~+~ ••••••• ~+.~~ ••• ~ •• ~ .•• ~.~ ••••• *.,_.~ ••••••• ~ •••.• ~l 
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ANACJIIDA COPFEi<- COHPANY. HCKPlLf-PAGUATF INI'I HPI~ - WAH:"~ OUIILITY :IIITIl 

:iUMI1AH i.:.F "AH.t~ G,CM~STn A:-.ALYSb REPCH DATE 05/05/H 
•• , .................. " ........ ". .......... 06 .......................... .............. 'f ............................. ~ .. "' .............. " ................ .... .011. .................... :10 ••• _ .. 

• • • 110 .. • SAHPL~ FUiHT .. lGS7 hFll .. LG57 !>IEll • LL;S/\ p/I',nJl ICA;:,A fllANCAI hEll • 
• L.JCArlOU OAIA 111.06.33.142' 10.&6.33.142 iC.u(,.33.443. 
• SAMPLl M'M6t.~ Ab;:I~CY LG042 - GS- .. l('u'tJ - G~- LCJ .. ,. - Ar.L-N .. 
'COLI.ECTllli' IJAh, 11Mi': 02120/51 1200 .. U2I221!;1 12UO 07/12/Sf, 1200 .. 
, ~ArE{ ll~~L • • .. , ... . 
.. JEHPEkATU",£ CGI· .. 2~.OO .. 
• PH CF=FLELU ... " .. A81 .. 7.I)Ol .. 
, JOS (~UH ~F G'~U;)'), tlG/LI • 206~.10 • 1201l.00 • '1,,5.25 • 
.. IDS (BY EI/AP. t ~(,/L' .. ,~,)2.00" 
, OS CBY CALC .. • '!b/Ll 1905.104 • 120(;.1)0 7l4.09 .. 
, rDS 15Ut1-~lJ2, I1G/LI" 2053.10 .. 12,)00»0 • IH6.25 .. 
, SP.CONO. IUflH",S/Cr101Z5GJ • 341U .0tiL .. • 
• .. • II • 

, .. Ml:/l "PH ION. RAT.' HG/l EPI1 IU~. '~AT.. Mdl ::F'~' lOll. ~~AT ... • •• • 
, HC03- .. 320.00 5.245 .139" 140.00 2.295 .1'17" 
, C03-- • t.al) 0.000 0.000 .. C.LO u.aoo ).000 .. 
, C~- .. 260.00 7.335 .194' .. 311.LO 1.072 .on" 
, S04-- • 12~O.OO 24.984 .662 .. 1200.00 Z4.q~4 1.000 3~~.O~ ~.224 .707" 
, F- .. 2.50 .132 .003" .. .n .037 .(03" 
• N03- 3.60 .0511 .002" .. .55 .OOQ .(jOl" , PJ4--- 4 • • .. 

, . -.-------------------------- . ---------------------------- ----------------------------. , fOrAl ANiONS .. 17'3&.Ui 37.753 .. 1200.00 24.Q'l4 .. 574.25 11.1)3f- .. , '" .. 
• lil." .. .. 51.0~ 2.219 .191" , K+·.. .. 
• ClH .. 180.00 8.982 .557" Ib7.0~ A.333 .717" 
, H~++ .. B7.De 7.157 .443 • 13.uO 1.0&9 .Q9Z" · . ---------------------------- . ---------------------------- . ---------------------------- . • r 0 r A~ CAT 1 ()~l S '2 I) 7 • U 0 1 F.. 1 39' .. 2 31 oii U 11 • & 21 .. 
• • • =- • 
., SI02 (11"/LJ • 15.00" .. .. 

to , , .. • .. 
'I • fJIAL EPI1 • 53.892 .. 24.9"4 .. 23.257 .. 
N 'AIHO~S I CATLUN:i" 2.339" .. 1.001 .. 
CD , .. • .. • 

'AS (!i.i/U • .. .' .. 
'SA Hili/L' • .. • • 
'CD (1111/L • .. • • , 
'CR (Iil-/LI .. .. • .. 
'Ci (NlJ/LI • .. .. .. 
'PB (/iloilo' • .. • .. .. H; (MG/lJ ., .. .. .. 
• S:; CI1 .. /LJ • .. 4 • 

, 

Ali (HG/LJ • .. .. • 
"" . CIJ CMti/L J .. • .. .. 

FE CriGh' • .. O.OOOL" 
H~ ( i,,;/lI • • .. • 
PH,NuL:. (!'1li/L'" .. 
Z'I (ri' .. /LJ .. .. .' .. .. 

• • • .. 
Al 
B 
CJ 
HO 
NI 

V 

;;.O~S A .. PHA 
URANI UI'I 
~A-ZZ& 
U-2Z8 
RA-ZZ&. -ZZIJ 
PIJ- Z10 
fh-Z30 
fH- 232 

(,tblL I 
(:1;14. , 
(Mbl l • 
C %1 L J 
(ii~1 I.) 

"'tii/L t 

• 
• • • 

(PCI/L.' • 
(l-tl>l L J .. 
(PGilU .' 
(PC~' I.' " 
C"Ci/Ll • 
IPGi/L' .. 
C PCLlLJ • 
(PGIILJ .. 

• 

• • .. 
• .. .. .. 
• 
'" .. .. .. .. .. 
• .. 
• .. 

• .. 
~ 

• 

.. 
~ ,. .. 

• • 
'" .. 
• .. .. 
• .. .. , .. .. .. .. .. 

CA I HG • 1;255 7.79"'! .. 
)tA I K ...& .. 

• • • 

CA+M; I ~A+~ .. .. 
HC03.Cil3 I Cl.5J4 .162" .. .247 .. 

.. SOlo I C... 3.40e- 7.~72 .. , . .. 
•• " ................. )!I ......... .,._~ ....................... ., ••• "" ................. atI. ..... , ..... 4. .......... ~."' •• I.6"' ........ :. ..... 4),."Jo.~ .,;.; .. ,-., .... , .............. " .......... !... ...................... . 
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IIHACl'tlDA CUPPER COMPANY, JACKPIU-PAGUATE (NIH MIN<:: - "AT~ ~ fJUALlT y f1A~ A 

SU~~ARY ~F ~AT~k C~l'13T~Y ANALYSI~ ~EPC~T DAT~ 05/U5/81 
•••• j ••••••• ~ •• ~.4 •••••••• ,~.,~.~~. • •••••••••••••••••••••••• ~ ••. ~ ••• 4, •••••• ~~ .••• ~a ••• ~4 •••••• f4._ ••• lk% ••• _.,~~.~~~~ ••• ~~ •• ~, A~ ••••••• 
• • • 
• SA:1PL.E fOltll • LG5q r.~.LL , LG5q WELL • Luf,ij .. : LL • 
• LOCATlOIj LJArA • 10.06.35.140 • IJ.G6.35.14Q • 10.3f,.JS.JOO • 

SAMPI.t:. t.U.1Bt.'c.1 AIi:;;jCY" Ui045 - GS- • LGllftfJ - GS- LbJ'.7 _ (;::;_ • 
CIlLLECTiIJN iJAll. TlME' 021121&0 12011 • 021121€O <'030 C3/U8/f,0 150J • 
hATH Lt.'ILL. • • • 

rt::'1PEf\A1U~.i:. (CI • 
PH (F=F1E..iJ. 1.=1. Ad' • ruS' (::'UM JF (,~.()::;.:i • • "i('/LI .. 
r 0 S (0 Y Co" AP •• ;1 "I L J • 

JDS (ev CALC •• MI>IL' 
OS (~UH-;;1~12. HI>/I.' 

iP. CJNO. (OIHi\.lS/C'1.;)Z5C I 

• • , 
• , , , , , , 

HC03-
CH-­
CL-
5)4-­
F­
I~J3-
P04---

, TilT AI. AtHuN~ , 
• hlU 
• Kt , CA.t 

• H".t • 
• rOrAL CAflON~ , 

.. 
• • ... 

• • .. 
• .. 
.. 
• .. 

• S102 (~~/~' 
, 
• .. , 

• rilrAI. EPH 
, AhlO~S I CAT l:Jrti • , 
• • • • • • • , 
• • • • • • • • • , 
• , , 
• • 

~l 
CD 
Ct 
~~ 
H~ 
SE 
Ai 

CII 
H 
11~ 
PtiENOI.S 
ll'f 

AI. 
e 
Cl 
110 
tll 

V 

G>US~ Al.PHA 
U~A III UH 
U-226 
U-Z28 
U-Z26 • -228 
Pd-Z10 

J Ii- 230 
H- 232 

CA I tlG 
NA I I( 
CAtMIi 1 Nil .... 

(riG/L) 
(IiGh. 
(111i/L I 
( .1 .. 1 ... 
(11(;11. ) 
0111/1. I 
(I1G/L' ("'''''1. , 
(NG/L' 

I Hull. I 
(11 .. / LI 
111(,/ LI 
Cl1~1 '" , 
( l1iill. , 

01l;'L I 
(Hlil i.. t 
(111i1l I 
IMb/ .. ' 
(111i/L I 

, .. .. 
-.. .. 
.. 

• • 
• • • .. .. 
.. 

I Mill I. I 

(PC1/L1 • 
I/'Ili/I. t • 
IPel/L) • 
(PCI/l.I ' 
IPCI/I.I .. 
(PCll d • 
(PCI/I.! • 
IPCl/~' • 

MG/L 

38. Ill) 
5?t • .JC 

558.00 

55'.00 

558.00 
55~. 00 

EPH 

1.072 
liJ.82fl 

11.69/1 

ION. RAT. 

.09(j 
• q 10 

----------------------------

11.898 

• 

• • .. .. .. .. 
• .. 
• .. .. .. 
• ... .. .. .. .. .. .. .. 
• .. 
• .. 
• • .. 
• • .. 
• • • • • • , 
• • .. 
• ... .. .. .. .. .. , 
• • .. .. 
• 
" .. 
4-.. 
• .. .. .. .. .. .. .. 
• 

HCJ3.CQ3 I CL+:,.;1t • 
, SOft I CL • lU.OQQ .. , . 

HG/L 

2C;IJ.OO 
0.00 

3".00 
520.00 

1. gO 
.43 

13 20.33 

62.00 
50.00 

1 ~. 00 
8.1~F 

go 1. n 
1\29.17 
qJ 2.33 

11&& J. 00 L 

EPr1 

4.210>1 
C .:) ~O 
1.072 

1 U • R 2& 
.UO 
.007 

16.? f,7 

3.094 
It .113 

1014. ~I\T. 

.2&2 
O.OCO 

.0&0 
• fll;fJ 
.00 & 
• ac 0 

• 1t29 
.571 

--------------~-------------112. DO 7 • 2~7 

29. ·lD 

ZJ .It 7'10 
2.257 

c.OOOO 

.7'<;2 

• ~ 5'1 
lli .0 'l'l 

.. 
• .. .. ., 

.. 

.. 
• .. 
• 
• 

.. 

.. 

.. 

.. 
• 

• .. 
.. .. 
• 
• 
.. 
.. 
.. 

, •••• • , ............ :f ......... • ,," • ,. ,. I ... " , .. j ....... " ....... " .... .,. :., .... of .. " ..... .,.., .. "'" ...... -. .... If • . " .... , ,. ..... of' .... .., ......... , .... , ....... _ ... + 

11G1L 

211( .00 
L • Ci r 

4., • co 
s~u • (JO 

2.lL 

!\'15.H 

73. UO 
40.00 

113. no 

1f,. I) G 
7.80F 

l'JC2. L 

HCJ.7P. 
'iVI.10 

1570.UlJL 

::r-/1 

4.5t\9 
~. ~ 00 
1.213 

11. Ij Sq 
.111 

17.572 

3.643 
.5.2QQ 

h. ')33 

24.00 

t!.4.505 
2.535 

.C 200 

101 07 

.~57 
~. t,17 

En;. GAT. 

.261 
o • 0 J 0 

.069 

.66" 
• ",06 

.525 

.475 

• • .. 
• • • • • • • • • .. .. 
• .. 
• • • .. 
• .. , 
• • • • • • .. 
• .. .. .. 
• • 

... , ..... , ........... .,. ...................... - •• 1 
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ANACUNDA COPPER COHPAln. JACI(PIlE-PAGUAH. (NIIt MIIl~ - I·,AH? rJUIIL IT f ~ liT /I 

SU""UY OF WAhl-{ CHE!11.:ifk~ At;AL.Y::>lS REPORT DATE 051li5//l1 
•••••••••••••••••••••••••••••••••••••••••••••••••••••• ••••••••••••••••••••••••••••••• ~.~ •• ~ •••••••••••• -.~ •• ~.4 ••••••••• ~, •••• ~~ ••••• · ,. . . . 
, SUPL£ POiNT • LG&l ~lLL • LGf)2 .,:rLL ... (,&3 to, Ll • 
• LOCArlON OA1A • 10.0&.35.322 .. 10.U&.35.324 • 1C.!l&dS.34ZA • 
• SA"PL~ "Utlli~1< Ab':I~CY· LG048 - GS- .. Ll.)49 - GS- • LC,,)?O _ GS- • 
• COLLECTlOi. DAlE. T LH£" 02l1Z1&O 1200 .. Oq/lJ~/H 12Da 03/u61&C 1200 • 
• .. ArH L~VE.L --.. • 
• .... -II • ....... ftp·: .. a ........ ,- a __ a .00. lCj;.LlQ • 

• 10F .. 1.&OF 7.6lF 
. ..13 • 1073.01 125'>./oF, • • . ~~ .U. ~M"... ....... g~9.ir '1.\U.b'i I111t.l/O 
~,"3 • 1041).01 123~./01j 

• • • • • • • • • • 
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APPENDIX B 

PLA TE B. OFFSITE GROUND-WATER 

SAMPLE LOCATIONS SOUTH AND 

WEST OF JACKPILE-PAGUATE MINE 

PROJECT 1240-81 

DATE July 17, 1981 

REVISIONS 

• _1 Hydro-Search, Inc. I CONSU L TlNG HYDROLOGISTS-GEO.l-OGISTS 
Austin • Denver • Reno 



07000107

Pleistocene 
or 

Recent 

Pliocene 
or 

Plei s tocene 

Upper 
Cretaceous 

-

Lower 
Cretaceous 

Upper 
Jurassic 

{ 
{ 

/ 

PLATEl:. EXPLANATION OF GEOLOGIC SYMBOLS 

FOR PLATESII,Dl,ANDJZ:. 

Qc - Colluvial Deposits 

Qe - Eolian and Alluvial Deposits 

QTb- Basalt undifferentiated 

Kpu - Upper part of Point Lookout Sandstone 
sandstone 

Kmsa-Satan Tongue of Mancos Shale 
shale and sandstone 

Kph - Hosta Tongue of Point Lookout Sandstone 
sandstone interbedded with shale 

Kcg - Gibson Coal Member of Crevasse Canyon Formation 
sandstone, shale and coal 

Kcd - Dalton Sandstone Member of Crevasse Canyon Formation 
sandstone with siltstone 

Kmm - Mulatto Tongue of Mancos Shale 
shale and sandstone 

Kcdi - Dilco Coal Member of Crevasse Canyon Formation 
interbedded sandstone, siltstone and shale 

Km - Mancos Shale 
shale interbedded with sandstone 

Kms - Three Sisters Sandstone of Mancos Shale, undifferentiated 
sandstone, siltstone and shale 

( Kd - Dakota Sandstone 

l sandstone interbedded with shale 

" Jmj - Jackpi Ie sandstone of Morrison Formation 
sandstone and mudstone 

Jmb - Brushy Basin Member of Morrison Formation 
mudstone, sandstone and limestone 

Jmw- Westwater Canyon Member of Morrison Formation 
sandstone 

Jmr - Recapture Member of Morrison Formation 
mudstone) siltstone and sandstone 

PLATEl:. 
PROJECT 1240-81 
DATE July 17,1981 

REVISIONS 

"
-I Hydro-Search, Inc. I CONSUL TI~G HYDROLOGISTS-GEOLOGISTS 

Austm • Denver • Reno 
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PLA TE II. LOCATION OF ELECTRICAL 

CONDUCTIVITY MEASUREMENTS AND 

STANDING WATER BODIES 

PROJECT 1240-81 

DATE July 17, 1981 

REVISIONS 

U-I Hydro-Search, Inc. I CONSULTING HYDROLOGISTS-GEOLOGISTS 
Austin • Denver • Reno 

I 
,I 
;1 
~ I 

I 
i 

I 
" F 
i 
I 
i 
i 

I . 
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J1ber,86.0, is the average of all flow measurements 
) 18, 1980. Lower left column is time of day. Lower 
cified time for period July 15-18, 1980. 

PLATE III. STREAMFLOW 
HYDROGRAPHS AND SUMMARY 

OF STREAMFLOW SURVEY 
JULY 15-18, 1980 

PROJECT 1240-81 

DATE July 17, 198 1 

REVISIONS 

U-I Hydro-Search, Inc. I CONSULTING HYDROLOGISTS-GEOLOGISTS 
Austin. Denver. Reno 
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PLATE IV. CHEMICAL QUALITY OF 

SURFACE WATER 

PROJECT 1240-81 

DATE July 17, 1981 

REVISIONS 

I _I Hydro-Search, Inc. I CONSULTING HYDROLOGISTS-GEOLOGISTS 
Austin. Denver • Reno 

I 

, I 

, i 
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; 
r 

• 

PLA TE V. CHEMICAL QUALITY 

OF GROUND WATER 

PROJECT 1240-81 

DATE July 17, 1981 

REVISIONS 

I _I Hydro-Search, Inc. I CONSULTING HYDROLOGISTS-GEOLOGISTS 
Austin • Denver • Reno 

i 



New Mexico Office of the State Engineer
Water Column/Average Depth to Water

(In feet)

(quarters are 1=NW 2=NE 3=SW 4=SE)

(NAD83 UTM in meters)(quarters are smallest to largest)

64

Sub

basin  XCounty
Water

Column

Q

Y
Depth
WaterPOD Number 416

Q

RngUse TwsSec
Depth

Well

Q

Distance

285221CIDOMRG 75271 3003894772 4013

288466MRG MONRG 51334 POD9 4503894371 4199

289423SAMONRG 89410 POD2 3003894085 4588

288874CIMINRG 27627 158 2323903894673 4679

289809SAMONRG 89410 POD1 2203894045 4845

287783CIMRG MINRG 27627 A-S-6 245 141516603895992 5377

288182CIMINRG 27627 S 212 2985103896223 5727

28308705WCI 11NSANRG 38074 08 160 4656253895885 5878

288339CIMINRG 27627 S-3 205 3305353896640 6173

281665VADOMRG 31125 78 2423203895224 6252

288660CIMINRG 27627 S-2 257 2785353896700 6349

3 29164104WCI 11NSTKRG 74154 20 160 2404 40038942541 6451

289090CIMRG MINRG 27627 A-S-7 8553896751 6576

289287CIMINRG 27627 S-EXPLORE 8003896812 6721

288856CIMRG MINRG 27627 A 284 2565403897152 6842

283430VADOMRG 29770 40 2002403897217 6908

288724CIMINRG 27627 S-5 268 73210003897590 7197

1 27920306WCI 10NDOMRG 36767 12 15 443 593888451*2 7355

283453VADOMRG 29438 250 2454953898010 7634

288750CIMRG MINRG 27627 A-S 135 87510103898504 8066

288776CIMRG MINRG 27627 A-S-2 227 82310503899418 8944

288413CIMRG MINRG 27627 A-S-12 10903899759 9174

292413CIMRG DCNRG 91223 POD1 331 2175483897758 9311

289132CIMRG MINRG 27627 A-S-3 248 83710853899706 9327

288149CIMRG MINRG 27627 A-S-13 11203900133 9478

289471CIMRG MINRG 27627 A-S-4 210 94011503899979 9697

283534XXDOMRG 29762 165 2053703900325 9813

283519XXDOMRG 29477 30 1702003900326 9817

289826CIMRG MINRG 27627 A-S-5 248 87211203900267 10092

50Page 1 of4/16/10 1:48 PM WATER COLUMN/ AVERAGE
DEPTH TO WATER

*UTM location was derived from PLSS - see Help



(In feet)

(quarters are 1=NW 2=NE 3=SW 4=SE)

(NAD83 UTM in meters)(quarters are smallest to largest)

64

Sub

basin  XCounty
Water

Column

Q

Y
Depth
WaterPOD Number 416

Q

RngUse TwsSec
Depth

Well

Q

Distance

3 29391004WCI 11NSTKRG 74155 09 90 1702 26038974372 10166

290203CIMRG MINRG 27627 A-S-9 290 82011103900501 10451

289691CIMRG MINRG 27627 A-S-11 552 58811403900729 10477

290576CIMRG MINRG 27627 A-S-10 281 85911403900765 10841

290565CIMINRG 27627 EXPLORE 8153900859 10923

290965CIMRG MINRG 27627 A-S-8 400 81512153901028 11243

276056CIDOMRG 73015 60 601203896179 11406

276379CIDOMRG 74216 60 1502103896955 11512

276379CIDOMRG 74216 POD1 2103896955 11512

294035CIMRG DCNRG 91222 POD1 556 2197753900064 12113

271469PUBRG 90566 POD1 2053888308 14903

294499VANOTRG 29783 S-36-EXPL 680 2389183903327 14997

294516VANOTRG 29783 S-35-EXPL 675 2248993903385 15055

294476XXNOTRG 29783 S-23-EXPL 675 2409153903462 15097

294534VANOTRG 29783 S-25-EXPL 670 2288983903443 15113

27127206WCI 10NMRG DOMRG 48735 POD1 07 104 1012053887987 15155

27121606WCI 10NDOMRG 79940 07 70 14843888128 15183

1 29484304WVA 12NOBSRG 27980 0-2 22 598 3421 94039035063 15339

1 29484404WVA 12NOBSRG 27980 0-1 22 590 3501 94039035833 15403

30163603WBE 11NMRG DOMRG 02017 32 35 0353890662* 15487

27148606WCI 10NDOMRG 87448 POD1 18 50 1902403885873 15492

3 30175703WBE 11NDOMRG 11516 29 34 263 603891517*4 15620

27079806WCI 10NDOMRG 83949 07 49 38873887632 15689

4 27067106WCI 10NDOMRG 67084 07 35 508538883091 15689

27075706WCI 10NDOMRG 86446 18 20 55753887228 15817

27129707WCI 10NDOMRG 85485 13 210 1303403885025 15961

271185CIDOMRG 71800 100 2203203884939 16096

27117606WCI 10NMRG SANRG 76583 19 160 1803403884634 16219

27060406WCI 10NMRG DOLRG 91079 POD1 18 15 3053203885777 16358

27056606WCI 10NDOMRG 89645 POD1 19 160 1202803885621 16443

1 28848005WVA 09NINDRG 27288 24 55 2303 2853874533*4 16500

1 28868005WVA 09NINDRG 27288 -S 24 93 324 1253874533*4 16529

50Page 2 of4/16/10 1:48 PM WATER COLUMN/ AVERAGE
DEPTH TO WATER

*UTM location was derived from PLSS - see Help



(In feet)

(quarters are 1=NW 2=NE 3=SW 4=SE)

(NAD83 UTM in meters)(quarters are smallest to largest)

64

Sub

basin  XCounty
Water

Column

Q

Y
Depth
WaterPOD Number 416

Q

RngUse TwsSec
Depth

Well

Q

Distance

27055506WCI 10NMRG SCHRG 80099 S 19 140 1603003885308 16556

27047006WXX 10NDOMRG 42936 X CLW 19 10 48583885539 16561

295537VAOILRG 29782 477 4739503904597 16631

27033706WCI 10NDOLRG 90326 POD1 18 35 20553885697 16637

27037606WVA 10NDOMRG 30895 19 15 36513885450 16678

3 27026706WVA 10NDOMRG 29476 18 12 483 603885709*3 16700

27060006WCI 10NDOMRG 84102 19 50 1101603884479 16811

27046006WCI 10NMRG DOMRG 84103 POD1 19 110 2303403884695 16860

269835VADOMRG 30973 50 501003885740 17102

30326603WBE 11NDOMRG 49383 28 26 1151413892201* 17167

26983307WCI 10NDOMRG 83300 24 14 5946083885293 17243

1 28477905WCI 12NDOMRG 43454 04 5 1204 12539081594 17345

26921407WCI 10NMRG DOMRG 87964 POD1 24 6003885375 17804

26934307WVA 10NDOMRG 31535 24 32 7911138845183 17966

26907507WCI 10NSTKRG 88377 POD1 24 10 1501603885192 17993

26904907WCI 10NDOMRG 88000 POD1 24 20 30503885142 18034

3 29842004WVA 12NOBSRG 27723 0-2 13 370 4504 82039044403 18296

3 29842504WVA 12NOBSRG 27723 0-1 13 365 4554 82039045133 18354

26827507WCI 10NDOMRG 65713 14 50 2102603886638 18369

290339MKMONRG 33310 0-5 33 21543908991 18601

26787607WCI 10NDOMRG 66644 14 120 10022038865582 18775

292697VAOILRG 29781 633 2078403908550 18855

26758807WCI 10NDOMRG 55378 10 95 1252203887176 18925

28995404EMK 13NSTKRG 80044 31 1003909410 18929

1 29905704WSA 12NMRG STKRG 71033 13 5003905043*4 19170

1 29905704WSA 12NMRG STKRG 71033 X 13 5003905043*4 19170

1 29905704WSA 12NMRG STKRG 71033 X 4 13 5003905043*4 19170

1 29905704WSA 12NMRG STKRG 71033 X 5 13 5003905043*4 19170

1 29905704WSA 12NMRG STKRG 71033 X-2 13 5003905043*4 19170

1 29905704WSA 12NMRG STKRG 71033 X-3 13 5003905043*4 19170

289704XXMONRG 33310 -0-4 313909726 19190

289704MKMONRG 33310 0-4 323909726 19190

50Page 3 of4/16/10 1:48 PM WATER COLUMN/ AVERAGE
DEPTH TO WATER

*UTM location was derived from PLSS - see Help



(In feet)

(quarters are 1=NW 2=NE 3=SW 4=SE)

(NAD83 UTM in meters)(quarters are smallest to largest)

64

Sub

basin  XCounty
Water

Column

Q

Y
Depth
WaterPOD Number 416

Q

RngUse TwsSec
Depth

Well

Q

Distance

26788607WCI 10NDOMRG 87681 POD2 23 106 5246303884461 19354

26788607WCI 10NDOMRG 87681 POD1 23 90 3504403884461 19355

3 29974603WSA 12NMRG SANRG 27310 POD2 181 8003904721*3 19409

2 29332805WVA 12NOBSRG 27979 0-1 05 425 3254 75039089112 19418

2 29334404WVA 12NOBSRG 27979 0-2 05 409 3414 75039089262 19438

4 26681207WCI 10NDOMRG 57892 15 140 24038038867102 19779

1 29995503WSA 12NMRG SANRG 27310 POD1 18 200 6002 8003905124*3 19844

289114MKMINRG 31843 243 1574003910822 20173

288918MKMINRG 31843 S-2 258 1824403910893 20215

288773MKMINRG 31843 -S 271 1894603911001 20303

295824XXMONRG 33310 -0-5 32 22543908834 20405

288205MKMONRG 33310 -0-1 1099 113122303911605 20838

305906MRG MUNRG 91265 POD25 100003897910 20973

306020MRG MUNRG 91265 POD22 100003899047 21487

294565XXMONRG 33310 -0-6 303910685 21529

294565MKMONRG 33310 0-6 303910685 21529

30377003WSA 12NEXPRG 89656 POD6 21 5003903393 21617

30371003WSA 12NEXPRG 89656 POD7 21 5003903483 21621

30406403WSA 12NEXPRG 89656 POD5 21 5003903182 21737

30387603WSA 12NEXPRG 89656 POD8 21 5003903635 21844

30410003WSA 12NEXPRG 89656 POD9 21 5003903497 21947

26439107WCI 10NDOMRG 83246 09 3003887513 22016

30461403WSA 12NEXPRG 89656 POD2 21 5003902956 22069

30418503WSA 12NEXPRG 89656 POD10 21 5003903635 22096

307118MRG MUNRG 91265 POD24 100003897910 22118

30459203WSA 12NEXPRG 89656 POD3 21 5003903102 22131

30455003WSA 12NEXPRG 89656 POD4 21 5003903255 22180

30499603WSA 12NEXPRG 89656 POD1 21 5003903092 22463

307118MRG MUNRG 91265 POD23 100003899047 22506

4 26363607WCI 10NDOMRG 64854 08 200 2004003888403*2 22648

4 29153006EBE 08NDOME  09126 POD1 024 50038684953 23010

26386307WCI 10NMRG PUBRG 91338 POD1 21 65 2353003885075 23027
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4 26275307WCI 10NSTKRG 58804 DCL 08 300 1503 4503888362*1 23531

2 26318907WCI 10NMRG DOMRG 91368 POD1 20 30 10513538854633 23588

26309307WCI 10NMRG DOMRG 91370 POD1 20 20 1351553885681 23633

26295007WCI 10NMRG DOMRG 91359 POD1 20 20 30503885038 23921

26298007WCI 10NDOMRG 36867 20 45 45903884868 23934

1 29893503WVA 08NDOMRG 67471 061 1503870365*1 24162

262524CIMRG DOLRG 91367 POD1 15 851003885234 24288

1 29903603WVA 08NMRGRG 66673 POD1 06 111 181293870266*1 24299

262522CIMRG DOMRG 91366 POD1 21 78993885172 24304

299734VAMRG DOMRG 91351 POD1 98 521503870496 24485

262066CISTKRG 90141 POD1 480 2207003885842 24602

3 29903003WVA 08NMRGRG 66674 POD1 06 101 221233869863*1 24639

3 29903003WVA 08NRG 67821 POD1 06 0 2002003869863*1 24639

308229BESTKRG 53059 1163879872 24664

3 29892903WVA 08NMRGRG 64050 POD1 063 1603869762*1 24673

2 30023003WVA 08NMRGRG 66670 POD1 06 3003870252*2 24965

3 29981503WVA 08NMRGRG 62813 POD1 06 1503869852*2 25067

26220018WCI 05NDOMRG 80450 34 340 3757153883099 25178

2 29939803WVA 08NRG 67820 06 2003869454*3 25180

3 29891803WVA 08NRG 67491 06 110 1501 2603869156*3 25187

3 29991403WVA 08NRG 67783 064 2003869751*2 25206

3 29990403WVA 08NDOMRG 74065 06 145 552 20038697342 25214

1 30884302WCI 09NMRG DOMRG 39048 POD1 06 60 4485083879786*1 25254

1 29970303WVA 08NDOMRG 58350 06 105 951 2003869547*4 25263

30112603WVA 08NDOMRG 89900 POD1 05 95 751703870434 25333

1 29980403WVA 08NMRGRG 66672 POD1 06 98 221203869448*4 25401

1 29980403WVA 08NRG 67819 06 95 171123869448*4 25401

3 30883402WBE 09NDOMRG 65543 06 55 4555103879384*1 25425

4 29928503WVA 08NMRGRG 64052 POD1 063 1603868950*3 25552

3 26077807WCI 10NSTKRG 58005 DCL 07 300 1503 4503887687*3 25570

2 30020903WVA 08NRG 67413 06 100 301303869441*4 25627

2 30030803WVA 08NRG 67493 06 100 404 1403869340*4 25766
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3 30881602WBE 09NDOMRG 57012 06 188 3175053878580*3 25782

4 30009803WVA 08NMRGRG 64055 POD1 061 1603869136*4 25822

2 30184703WVA 08NDOMRG 66675 05 108 271353870225*2 25932

30163403WVA 08NSANRG 29486 05 93 4973870026*2 25964

4 30001103WVA 08NMRG DOMRG 66671 06 95 1811338689094 25967

30120903WVA 08NMRG DOMRG 49086 POD1 05 125 551803869632* 26033

1 30215103WVA 08NSANRG 59419 041 1183870318*1 26044

1 30215103WVA 08NSANRG 64062 041 1253870318*1 26044

3 30960002WBE 09NRG 80835 062 53038794822 26067

4 30029803WVA 08NMULRG 28740 06 77 644 1413868936*4 26099

2 30009103WVA 08NPRORG 67639 071 3003868731*2 26160

1 30235103WVA 08NDOMRG 76708 042 2003870318*1 26168

1 30951102WBE 09NDOMRG 78755 061 5003879065*4 26173

1 30225203WVA 08NDOMRG 49044 04 86 311173870219*1 26184

1 30225203WVA 08NMRG MULRG 54034 04 87 411283870219*1 26184

1 30215103WVA 08NDOMRG 67263 04 80 403 1203870118*1 26202

3 30050503WVA 08NSANRG 29486 S 053 1203868928*3 26218

3 30050503WVA 08NMRG DOMRG 31604 POD1 05 115 303 1453868928*3 26218

310610MRG MUNRG 91268 POD1 100003881215 26295

1 30132303WVA 08NDOMRG 78753 05 84 363 1203869318*4 26355

2 30275603WVA 08NMRG DOMRG 26688 POD1 04 80 502 1303870307*1 26429

2 30275603WVA 08NMRG MOBRG 29439 S 04 80 602 1403870307*1 26429

2 30275603WVA 08NSANRG 53248 042 1263870307*1 26429

3 29967803WVA 08NRG 71123 07 100 403 1403868135*2 26453

2 30255603WVA 08NSANRG 62088 04 90 453 1353870107*1 26460

2 30255603WVA 08NSANRG 66133 04 30 1003 1303870107*1 26460

3 30234103WVA 08NMRG SANRG 62680 04 85 402 1253869909*1 26484

3 30234103WVA 08NSANRG 66508 04 90 352 1253869909*1 26484

3 30234103WVA 08NSANRG 66509 04 92 332 1253869909*1 26484

26589007WVA 09NMRG STKRG 17740 27 54 681223873811* 26484

3 26009808WCI 10NSTKRG 58802 DCL 13 70 504 1203886102*4 26484

3 26009808WCI 10NSTKRG 58803 DCL 13 70 504 1203886102*4 26484
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3 30224203WVA 08NSANRG 63824 04 90 301203869810*1 26502

3 31240502WBE 11NDOMRG 74335 164 6003894512*3 26506

2 30991702WBE 09NDOMRG 73992 06 220 3801 6003879057*4 26539

1 30296103WVA 08NDOMRG 67482 041 1103870297*2 26566

1 30296103WVA 08NDOMRG 77432 04 82 581 1403870297*2 26566

2 30275603WVA 08NDOMRG 61055 04 100 504 1503870107*1 26585

310939MRG MUNRG 91268 POD2 100003881203 26606

4 30254703WVA 08NSANRG 66134 04 30 1001 1303869899*1 26618

4 30254703WVA 08NSANRG 66135 04 30 1001 1303869899*1 26618

1 29967103WVA 08NRG 67412 07 110 651 1753867932*4 26624

3 30234103WVA 08NSANRG 66510 04 102 484 1503869709*1 26642

1 30316103WVA 08NRG 68268 042 1203870297*2 26693

1 30296103WVA 08NDOMRG 66842 04 100 203 1203870097*2 26721

4 30274703WVA 08NSANRG 64063 04 96 292 1253869899*1 26742

4 31077602WBE 10NSTKRG 76430 322 20038804323 26745

4 30264803WVA 08NSANRG 63823 04 96 391353869800*1 26758

4 30254703WVA 08NDOMRG 66136 04 30 1003 1303869699*1 26776

1 30233203WVA 08NRG 69187 042 1203869503*3 26801

1 30233203WVA 08NRG 69188 042 1203869503*3 26801

1 30223303WVA 08NDOMRG 65152 04 88 221103869404*3 26820

1 30223303WVA 08NDOMRG 65153 04 88 241123869404*3 26820

2 30336603WVA 08NDOMRG 61058 04 90 601 1503870287*2 26832

1 30213203WVA 08NDOMRG 66293 043 1203869303*3 26841

1 30213203WVA 08NDOMRG 66294 043 1203869303*3 26841

1 30213203WVA 08NDOMRG 66295 043 1203869303*3 26841

303590VAMRG MULRG 89374 POD1 98 221203870411 26881

4 31082502WBE 10NDOMRG 64501 32 100 4355353880149*3 26902

2 30253803WVA 08NRG 69186 041 1203869493*3 26934

2 30356603WVA 08NDOMRG 68153 04 100 702 1703870287*2 26960

2 30356603WVA 08NRG 68575 04 90 302 1203870287*2 26960

2 30336603WVA 08NDOMRG 54364 04 90 703 1603870087*2 26985

2 30336603WVA 08NDOMRG 61476 04 130 353 1653870087*2 26985
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2 28098605WMK 13NDOMRG 43455 01 140 3101 45039173561 26987

3 30315303WVA 08NSANRG 64698 04 120 252 1453869889*2 27003

3 30315303WVA 08NSANRG 64699 04 110 252 1353869889*2 27003

30282703WVA 08NMRG MOBRG 29439 04 80 401203869601* 27025

30282703WVA 08NDOMRG 45763 04 81 241053869601* 27025

3 30295303WVA 08NDOMRG 59109 04 90 283 1183869689*2 27034

3 30295303WVA 08NMRG DOMRG 68983 04 90 403 1303869689*2 27034

3 30295303WVA 08NRG 74191 04 105 303 1353869689*2 27034

2 30273803WVA 08NDOMRG 78979 04 85 422 1273869493*3 27056

2 30170903WVA 08NRG 67781 08 0 1401 1403868700*2 27083

2 30356603WVA 08NRG 67694 04 90 204 1103870087*2 27113

2 30356603WVA 08NRG 68576 044 2403870087*2 27113

3 30232303WVA 08NMRG SANRG 67011 04 80 352 1153869097*3 27120

4 30335903WVA 08NDOMRG 71425 041 1403869879*2 27141

3 30315303WVA 08NSANRG 64700 04 120 254 1453869689*2 27159

3 30315303WVA 08NSANRG 67064 04 89 364 1253869689*2 27159

3 30315303WVA 08NSANRG 67065 04 85 504 1353869689*2 27159

3 30212303WVA 08NSANRG 63638 04 105 183 1233868897*3 27163

311288MRG MUNRG 91268 POD4 100003880545 27174

2 30190903WVA 08NSANRG 29486 S-2 082 2303868700*2 27198

2 30190903WVA 08NPRORG 67640 082 3003868700*2 27198

302084DOMRG 89564 POD1 1003868813 27208

302962VADOMRG 88496 POD1 86 191053869434 27240

3 30232303WVA 08NDOMRG 67565 04 95 254 1203868897*3 27281

3 30232303WVA 08NRG 67692 044 1553868897*3 27281

3 30232303WVA 08NRG 67693 044 1503868897*3 27281

4 30346003WVA 08NDOMRG 67372 04 89 511403869780*2 27282

4 30346003WVA 08NDOMRG 67373 04 81 591403869780*2 27282

4 30346003WVA 08NDOMRG 67374 04 81 391203869780*2 27282

1 30314503WVA 08NDOMRG 67483 04 96 472 1433869483*4 27315

1 30314503WVA 08NDOMRG 73011 04 85 352 1203869483*4 27315

1 30304603WVA 08NSANRG 63822 04 95 401353869384*4 27331
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1 30294503WVA 08NSUBRG 29439 POD 5 043 1603869283*4 27349

4 25880208WCI 10NSTKRG 57641 02 2801 3889554*4 27379

4 30355903WVA 08NRG 67695 04 100 404 1403869679*2 27423

4 30355903WVA 08NDOMRG 73572 044 1503869679*2 27423

2 30335103WVA 08NMRG MULRG 69221 04 90 351 1253869474*4 27451

4 30190003WVA 08NMRG MULRG 74328 08 90 352 1253868295*2 27524

4 30273003WVA 08NMRG SANRG 31296 04 84 354 1193868887*3 27532

4 30273003WVA 08NMRG SANRG 31296 POD1 04 84 354 1193868887*3 27532

4 30273003WVA 08NSANRG 67066 04 90 254 1153868887*3 27532

2 30345203WVA 08NSUBRG 29439 A 04 1203869375*4 27591

2 30345203WBE 08NEXPRG 29439 EXPL2 04 80 401203869375*4 27591

30323903WVA 08NDOMRG 53062 04 1463869180*4 27611

4 30190003WVA 08NRG 69297 08 100 804 1803868095*2 27688

2 30262103WVA 08NDOMRG 68818 09 100 801803868583*1 27711

2 30355103WVA 08NRG 68574 04 80 504 1303869274*4 27732

2 30189103WVA 08NMRG MULRG 67651 082 1403867891*4 27851

3 30147903WVA 08NDOMRG 63795 082 3867494*4 27951

302473VADOMRG 79916 3803868127 27992

4 25817208WCI 10NSTKRG 58801 DCL 11 40 504 903888570*1 28072

1 31203002WBE 09NDOMRG 41828 04 25 3303553879721*1 28178

2 30250203WVA 08NDOMRG 67463 091 1203867872*3 28216

2 30250203WVA 08NDOMRG 67464 091 1203867872*3 28216

3 30311803WVA 08NDOMRG 71171 09 90 222 1123868267*2 28261

30278803WVA 08NDOMRG 51368 09 85 201053867982* 28294

3 30311803WVA 08NMRG DOMRG 69238 09 97 234 1203868067*2 28421

3 30208403WVA 08NDOMRG 74327 09 90 303 1203867278*3 28467

2 30270203WVA 08NDOMRG 63969 09 100 304 1303867672*3 28495

1 25976108WVA 12NDOMB  00681 36 200 802803901755*1 28546

4 30352603WVA 08NDOMRG 67519 094 1203868057*2 28675

4 30352603WVA 08NDOMRG 69199 09 90 314 1213868057*2 28675

4 30352603WVA 08NDOMRG 69206 094 1203868057*2 28675

2 30331703WVA 08NDOMRG 69215 09 85 351 1203867851*4 28713
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303286VAMRG SANRG 31296 POD2 1503867734 28788

3 30383403WVA 08NDOMRG 66678 10 03868148*1 28790

3 30383403WVA 08NMRGRG 69634 POD1 10 86 541403868148*1 28790

30453403WVA 08NDOMRG 87809 POD1 10 102 1382403868632 28850

2 30341803WVA 08NDOMRG 64273 09 80 401203867752*4 28853

1 30372503WVA 08NRG 69543 10 90 551 1453867841*3 28967

1 30372503WVA 08NRG 69544 10 88 721 1603867841*3 28967

4 25724708WCI 10NSTKRG 54368 10 50 -40103887888*4 29056

3 30310003WVA 08NSTKRG 64678 094 73867256*4 29065

1 30392503WVA 08NDOMRG 59368 102 1653867841*3 29089

1 30392503WVA 08NDOMRG 59368 POD1 102 1003867841*3 29089

1 30392503WVA 08NRG 69472 10 88 722 1603867841*3 29089

1 30382603WVA 08NDOMRG 66676 10 100 601603867742*3 29107

4 30517103WVA 08NDOMRG 66292 034 1203868832*4 29109

3 31293502WBE 09NDOMRG 70394 042 7003879403*2 29135

4 25860208WVA 12NPROB  00360 354 3900488*3 29179

4 30330803WVA 08NSTKRG 57154 09 96 743 1703867246*4 29195

1 30392503WVA 08NRG 73511 10 92 834 1753867641*3 29247

1 30392503WVA 08NRG 74712 10 85 354 1203867641*3 29247

2 30423203WVA 08NDOMRG 66677 10 100 801803867731*3 29364

2 30516303WVA 08NDOMRG 58872 104 63868423*2 29415

1 30370503WVA 08NRG 70290 15 110 601 1703867030*1 29604

1 30370503WVA 08NDOMRG 70514 15 40 151 553867030*1 29604

4 30422403WVA 08NRG 69997 10 30 1401703867324*3 29681

3 31353902WBE 09NDOMRG 29399 03 3183 22673 54503879186*1 29775

1 31354402WBE 09NDOMRG 34578 03 110 321 1423878986*3 29859

3 27329406WMK 13NDOMRG 33038 05 700 30003 37003917907*4 29939

2 30421203WVA 08NRG 69467 15 75 1652403866919*1 29996

305165VADOMRG 82969 70 651353867541 30094

30425003EVA 08NRG 83055 15 80 2603403866757 30148

2 25630508WCI 10NSTKRG 58799 DCL 15 100 903 1903886598*3 30149

4 29844204WSA 13NSTKRG 72005 024 40039185892 30324
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4 29844204WSA 13NPRORG 72006 024 30039185892 30324

1 30368403WVA 08NRG 69996 15 90 1203 2103866021*3 30410

3 30460603WVA 08NMRGRG 62814 POD1 15 1503866501*2 30567

30437703WVA 08NMRG DOMRG 49087 POD1 15 125 451703866320* 30574

4 30501303WVA 08NDOMRG 67784 15 95 401353866488*2 30825

311058MRG MUNRG 91265 POD50 100003909085 30858

4 30427703WVA 08NDOMRG 78789 152 3865804*3 30931

4 30407703WVA 08NDOMRG 77582 153 3453865604*3 30977

315461MRG MUNRG 91268 POD12 100003879533 31426

311020MRG MUNRG 91265 POD47 100003910260 31536

312119MRG MUNRG 91265 POD49 100003909047 31699

31417202WBE 09NMRG SANRG 26955 POD1 15 14 961103875870* 31782

315418MRG MUNRG 91268 POD16 100003878468 31786

315803MRG MUNRG 91268 POD15 100003878820 32006

318254MRG MUNRG 91267 POD2 100003890513 32105

318241MRG MUNRG 91267 POD3 100003889866 32105

316139MRG MUNRG 91268 POD14 100003879180 32185

317003MRG MUNRG 91268 POD5 100003881126 32354

316491MRG MUNRG 91268 POD13 100003879520 32393

312119MRG MUNRG 91265 POD48 100003910260 32410

316998MRG MUNRG 91268 POD7 100003880820 32442

316994MRG MUNRG 91268 POD10 100003880087 32673

316473MRG MUNRG 91268 POD17 100003878433 32773

317349MRG MUNRG 91268 POD9 100003880447 32893

2 25520208WCI 12NDOMB  01468 331 9403902014*1 32894

317704MRG MUNRG 91268 POD6 100003881125 33023

317702MRG MUNRG 91268 POD8 100003880823 33112

1 27464506WCI 07NSTKRG 79400 10 70 801 1503859770*1 33158

3 25292308WCI 10NSTKRG 58800 DCL 08 700 3004 10003887865*3 33362

3 25292308WCI 10NSTKRG 69845 084 10003887865*3 33362

4 25460308WMK 12NDOMG  01691 294 5103902226*4 33529

318062MRG MUNRG 91268 POD11 100003880096 33680
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1 25329808WCI 11NMULRG 27955 S 08 320 3102 63038988611 33811

312649MRG MUNRG 91265 POD45 100003911888 33823

313785MRG MUNRG 91265 POD46 100003910601 33956

4 27604306WCI 07NSTKRG 90339 POD1 10 160 1402 30038584384 33968

320301MRG MUNRG 91265 POD19 100003889577 34175

2 25998708WVA 13NMDWB  00428 25 75 2503 3253912945*1 34233

25987008WVA 13NSTKB  00839 25 120 3004203912844*1 34257

3 25976808WVA 13NDOMB  00829 25 50 1602 2103912742*1 34270

4 26020208WVA 13NDOMB  00524 24 260 2604 5203913357*3 34337

26082808WCI 13NMINB  00516 24 35353914179 34418

260716CIMINB  00516 (1) 260 6659253914086 34437

1 25968308WVA 13NDOMB  00906 25 50 1802303913050*1 34533

4 27297806WMK 14NDOMRG 86449 20 702 3481 105039228353 34575

4 25272608WCI 11NDOMB  01320 06 100 4103 5103899872*2 34615

4 25272608WCI 11NDOMB  01376 06 300 1803 4803899872*2 34615

2 25283608WVA 11NDOMB  00817 06 100 4255253900371*2 34643

2 26104708WMK 13NDOMB  01429 24 90 1552 2453914749*2 34647

2 27384506WMK 14NSTKRG 77555 20 527 2531 7803923281*4 34670

2 27442706WCI 07NSTKRG 90135 POD1 16 150 3752 52538581612 34744

3 27101606WMK 14NSTKRG 77556 301 4003922192*1 34788

25262508WCI 11NDOMB  01166 06 158 2974553900190*2 34797

2 25270508WCI 11NDOMB  01659 06 101 5041 60539005052 34806

2 25938208WVA 13NDOMB  00738 26 36 442 803913161*2 34835

2 25928308WCI 13NDOMB  01185 26 70 1151853913062*2 34848

1 25262208WCI 11NDOMB  01755 POD1 06 272 2882 56039004551 34871

2 25918208WCI 13NEXPB  00385 26 196 5111 7073913161*2 34989

1 25243208WVA 11NDOMB  00391 06 170 2574273900387*2 35036

1 25243208WVA 11NDOMB  00606 06 1 2892903900387*2 35036

272618SFDOMUP 03037 5003923214 35063

4 25299308WVA 12NDOMB  00705 30 180 804 2603902288*4 35068

4 25939808WVA 13NDOMB  00737 232 803913565*4 35083

4 25299308WCI 12NDOMB  01118 X 30 130 1952 3253902488*4 35134
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1 25898108WCI 13NMDWB  00428 S 262 7033913173*2 35152

4 25289408WCI 12NB  01146 30 62 1532153902389*4 35195

4 25289408WCI 12NDOMB  01214 30 4003902389*4 35195

4 25919808WVA 13NDOMB  00734 231 733913565*4 35236

4 25919808WVA 13NDOMB  00735 23 30 351 653913565*4 35236

2 25290508WCI 12NDOMB  01117 30 162 982603902790*4 35318

321475MRG MUNRG 91265 POD21 100003890827 35324

321475MRG MUNRG 91265 POD20 100003889614 35346

2 25212708WVA 11NDOMB  00515 06 270 402 3103900502*1 35361

2 25212708WCI 11NDOMB  01366 06 100 1402 2403900502*1 35361

2 25212708WVA 11NDOMG  00670 062 2003900502*1 35361

2 25202808WCI 11NSANB  01057 06 2733900403*1 35429

2 25302908WVA 12NDOMB  00609 30 120 804 2003903492*2 35445

25269208WCI 12NDOMB  01118 30 114 862003902604*4 35456

3 25249108WVA 12NDOMB  00648 30 190 1903803902403*4 35581

320286MRG MUNRG 91267 POD6 100003880640 35635

3 25239008WCI 12NDOMB  00996 30 90 903 1803902302*4 35644

4 25860208WVA 13NDOMB  00815 23 260 402 3003913584*3 35706

320273MRG MUNRG 91267 POD9 100003879962 35822

4 25218708WCI 12NDOMB  01203 304 2533902317*3 35841

4 25218708WCI 12NDOMB  01339 30 165 1404 3053902317*3 35841

1 25236208WCI 12NDOLB  01753 POD1 301 50039028754 35858

25228408WVA 12NDOMB  00500 30 164 762403903035* 35985

25830608WVA 13NSANB  00544 23 30 38683913695*3 36005

2 25210008WCI 12NDOMB  01200 30 160 2404003902818*3 36086

2 25199908WCI 12NDOMB  00542 30 80 1201 2003902917*3 36214

2 25199908WCI 12NDOMB  00542 X 301 3902917*3 36214

4 25779608WCI 13NIRRB  01442 EXPL 22 87 5334 6203913403*4 36218

3 25178008WCI 12NDOMRG 74938 30 80 754 1553902331*3 36231

25188208WVA 12NDOMB  00443 30 80 771573902633*3 36231

1 25801308WVA 13NIRRB  01442 EXPL-2 23 107 10433 11503913795*3 36295

320996MRG MUNRG 91267 POD7 100003880657 36311
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25207208WCI 12NDOMB  01556 30 185 652503903513 36349

4 32121809ESF 12NSTKE  09554 POD1 34 121 2792 40039005252 36373

1 25572708WCI 13NDOMRG 43457 33 50 2702 32039108814 36415

3 25184708WCI 12NSTKB  01653 30 140 1004 24039030921 36416

1 25169408WCI 12NDOMB  01198 30 85 1882733902833*3 36474

2 25136609WCI 12NDOMB  01413 364 2003901942*2 36504

3 31596502WBE 08NDOMRG 71742 02 10 1902 2003869709*2 36559

313785MRG MUNRG 91265 POD44 100003914805 36560

4 32219801WBE 10NMRG DOLRG 26024 POD1 16 70 19893884740*3 36564

2 25136609WVA 12NDOMB  00746 36 190 302 2203902142*2 36565

2 25136609WCI 12NIRRB  00968 362 7503902142*2 36565

2 25780608WVA 13NDOMB  00415 O-3 22 15 172 323914005*4 36588

321318MRG MUNRG 91267 POD8 100003880281 36727

3 25650908WCI 13NSTKRG 43456 274 30039125971 36753

2 25116609WVA 12NDOMB  00513 36 200 01 2003902142*2 36756

4 25781708WCI 13NIRRB  01085 22 90 3862 4763914407*2 36835

1 25096209WVA 12NDOMB  00810 36 80 434 1233901958*2 36894

1 25096209WVA 12NDOMB  00812 36 74 464 1203901958*2 36894

322763MRG MUNRG 91265 POD17 100003895600 36917

1 25096209WVA 12NDOMB  00514 36 140 02 1403902158*2 36955

2 32137001WBE 09NCONRG 67055 POD1 05 34 2760279438793392 37058

4 27113806WCI 07NDOMRG 51565 18 61 234 843856869*4 37165

1 27453506WCI 07NMRG STKRG 59175 POD1 22 100 203 1203855537*3 37191

300854SMDOMUP 03388 177 2254023925100 37256

323256MRG MUNRG 91265 POD18 100003894350 37268

4 25514708WCI 13NSTKB  01086 28 20 1903 21039119043 37466

311209MRG MUNRG 91265 POD89 100003918745 37484

32249901WBE 10NMRG SANRG 84556 33 70 3103803881456 37546

25025009WVA 12NDOMB  00492 36 50 1502003901890*1 37554

25025009WVA 12NDOMB  00590 36 85 551403901890*1 37554

4 32212001WBE 10NMRG DOLRG 26023 POD1 33 80 201003879914*3 37600

32190401WBE 09NMRG COMRG 20342 04 200 2504503878509*3 37829
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32190401WBE 09NMRG COMRG 20342 -X 04 75 401153878509*3 37829

32190401WBE 09NMRG COMRG 20342 -X-NEW 04 75 401153878509*3 37829

1 26049508WXX 13NDOMRG 33107 -0EXPL 01 72 3221 39439188654 37973

322780BEDOMRG 85075 78 3524303879975 38214

322780BEMRG DOMRG 88851 POD1 4003879975 38214

312422MRG MUNRG 91265 POD88 100003918669 38250

1 25766708WMK 13NEXPB  01787 POD1 152 11039164812 38306

1 24802509WVA 10NSTKB  01193 14 30 901203886977*3 38323

1 25756008WMK 13NSTKB  01763 POD1 152 40039164152 38341

311247MRG MUNRG 91265 POD90 100003919881 38361

1 25752108WMK 13NSTKB  01762 POD1 152 90039164152 38370

324496BEDOMRG 33659 60 701303888722 38406

264172MKSTKRG 59269 3922413 38447

4 24776409WVA 10NDOMB  00852 10 40 1604 2003888110*4 38485

322046SADOMRG 61380 178 972753904787 38500

323060BEDOMRG 80604 158 2624203879797 38533

4 24766509WVA 10NDOMB  00580 10 78 1041823888211*4 38576

2 32301101WBE 09NMRG COMRG 89305 POD1 04 80 304 1103878595*4 38850

2 24750709WVA 10NSANB  00212 22 60 1153 1753886072*2 38939

2 24750709WVA 10NSANB  00212 S 22 65 1083 1733886072*2 38939

2 24750709WVA 10NSANB  00229 22 65 1083 1733886072*2 38939

3 24727009WVA 10NDOMB  00693 10 46 1241703888224*4 38970

2 25605608WMK 13NMONB  01706 POD3 16 842 11961 203839157144 39026

312384MRG MUNRG 91265 POD91 100003919957 39171

2 25632308WMK 13NMONB  01706 POD1 164 211039163412 39224

4 24697509WCI 10NIRRB  00060 104 2003888135*3 39270

4 24691209WVA 10NDOMB  00215 10 138 3124503889031*1 39281

4 24691209WCI 10NPUBB  01393 10 138 3124503889031*1 39281

1 25570508WMK 13NMONB  01706 POD2 161 190039157284 39305

32391301WBE 09NMRG SANRG 17339 03 96 721683878890* 39616

1 24660009WCI 10NDOMB  01231 104 1103888546*3 39618

1 24660009WCI 10NDOMB  01231 X 10 82 584 1403888546*3 39618
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316020MRG MUNRG 91265 POD42 100003917078 39738

325339MRG MUNRG 91265 POD16 100003897569 39757

4 25541708WMK 13NMONB  01706 POD4 162 201039161471 39794

291739MKDOMG  01461 32 4685003930394 39919

325377MRG MUNRG 91265 POD13 100003898630 39987

24788209WCI 12NSTKB  01078 27 4503902634*4 40036

2 26510007WMK 14NDOMRG 43458 16 108 1323 24039250103 40109

4 32629801WBE 11NMUNRG 88934 POD6 233 850038926134 40185

32632616WMK 11NDOMG  01674 35 20038898744 40188

3 25439608WMK 13NSTKB  01084 17 60 2602 32039155252 40203

4 32610001WBE 11NMUNRG 88934 POD4 113 850038959754 40274

3 24673709WCI 11NSTKB  01666 03 115 1853 30038993303 40311

1 30480503WSO 07NSTKRG 56633 23 430 301 4603855128*3 40315

4 32635301WBE 11NMUNRG 88934 POD5 144 600038942834 40347

1 27201106WMK 14NIRRRG 39080 06 58 3323 3903928732*2 40417

1 27201106WMK 14NSTKRG 39081 063 30303928732*2 40417

316096MRG MUNRG 91265 POD41 100003918215 40553

317195MRG MUNRG 91265 POD43 100003917040 40604

246653EXPB  01791 POD7 4863900581 40674

246640EXPB  01791 POD8 5053900546 40678

246616EXPB  01791 POD2 3513900655 40727

246581EXPB  01791 POD4 5123900515 40728

246563EXPB  01791 POD12 5053900456 40731

246574EXPB  01791 POD6 3873900586 40752

246538EXPB  01791 POD13 4953900481 40762

246579EXPB  01791 POD3 3443900653 40763

246555EXPB  01791 POD10 4003900556 40763

246511EXPB  01791 POD14 5513900422 40774

1 25426008WMK 13NMINB  00848 O 17 1315 2964 16113916315*2 40798

326438MRG MUNRG 91265 POD15 100003897494 40828

2 24592709WVA 10NDOMB  00158 28 125 2754003883807*4 40838

246465EXPB  01791 POD5 2793900571 40854
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246425EXPB  01791 POD1 5053900464 40867

246441EXPB  01791 POD9 2793900545 40871

246377EXPB  01791 POD11 2233900518 40927

326438MRG MUNRG 91265 POD14 100003898668 41035

246103EXPB  01791 POD19 1153899847 41041

246082EXPB  01791 POD22 1283899805 41052

246101EXPB  01791 POD15 1183900050 41088

246069EXPB  01791 POD18 1183899947 41096

246077EXPB  01791 POD16 493900026 41106

261086MKEXPRG 33107 -0-4 40 2202603923452 41109

246026EXPB  01791 POD21 493899814 41109

246052EXPB  01791 POD17 493899986 41121

246008EXPB  01791 POD20 493899855 41136

246000EXPB  01791 POD23 493899821 41136

261038MKEXPRG 33107 -0-3 30 1902203923468 41150

261038XXDOMRG 33107 EXPL3 30 1902203923468 41150

32467701WBE 09NDOMRG 36279 12 200 1733733876404 41152

2 28453905WVA 06NDOMRG 66266 10 250 1101 3603849738*1 41161

261015MKEXPRG 33107 -0-2 26 38643923476 41171

3 27142306WMK 15NIRRRG 43238 312 30503929379*3 41230

4 25296008WMK 13NDOLB  01778 POD1 18 625 3151 94039154461 41300

327427MKDOMG  02280 40 1551953894760 41460

2 24465209WCI 10NDOMB  01311 05 180 3002 4803891179*2 41499

1 27366406WMK 15NIRRRG 39082 32 58 29421 30003930512*2 41563

4 24467409WVA 11NDOMB  00094 29 122 571793893909*2 41587

3 32481601WSA 12NMUNRG 88934 POD1 103 646039061902 41591

327593MKDOMG  01484 75 3454203895285 41677

2 24445209WCI 10NDOMB  01306 05 40 803 1203890979*2 41698

1 24610009WCI 12NSTKB  01272 28 70 901603902917*4 41823

1 32411601WBE 09NIRRRG 48620 27 126 652 1913873114*2 41911

4 26937407WMK 15NSTKRG 43470 352 60039293714 41999

2 25285508WVA 13NIRRB  00390 18 900 9001 18003916541*2 42043
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1 27388606WMK 15NIRRRG 43239 294 31103931125*4 42083

317763MRG MUNRG 91265 POD95 100003918707 42123

260879MKSTKRG 72910 100 1802803924582 42134

312952MRG MUNRG 91265 POD84 100003923480 42212

24393409WVA 10NDOMB  00323 05 50 641143890519* 42217

24393409WVA 10NDOMB  00450 05 43 771203890519* 42217

25150109WMK 13NEXPB  01750 POD4 13 110039154194 42465

25149409WMK 13NEXPB  01750 POD5 13 110039154614 42495

25148709WMK 13NEXPB  01750 POD6 13 110039155364 42544

2 25205308WMK 13NDOMB  01544 18 624 913 7153916359*1 42572

25133109WMK 13NEXPB  01750 POD8 13 110039153914 42588

25135209WMK 13NEXPB  01750 POD3 13 110039154634 42612

25127409WMK 13NEXPB  01750 POD2 13 110039153654 42619

25139109WMK 13NEXPB  01750 POD7 13 110039155664 42640

325566MRG MUNRG 91265 POD28 100003907191 42661

25123209WMK 13NEXPB  01750 POD1 13 110039154394 42696

24371309WVA 11NDOMB  00347 20 100 1752753895753*1 42717

24371309WVA 11NDOMB  00347 X 20 105 181233895753*1 42717

3 32608801WSA 11NMUNRG 88934 POD2 11 360 34803 384039061532 42762

25131309WMK 13NEXPB  01750 POD9 13 110039156854 42772

317687MRG MUNRG 91265 POD92 100003919768 42775

32891201EBE 10NSTKRG 04256 06 455 204753888415* 42831

2 24480009WCI 12NDOMB  01481 32 42 1003 1423902072*2 42841

1 24362109WCI 11NDOMB  01247 202 1503896055*1 42844

305337SMDOMUP 03389 79 921713929176 42844

318786MRG MUNRG 91265 POD94 100003918631 42847

25128109WMK 13NEXPB  01750 POD10 13 110039158474 42893

314050MRG MUNRG 91265 POD87 100003923518 42946

3 27289606WMK 15NDOMRG 36594 29 4 3061 3103931745*1 42972

1 24327909WVA 10NDOMB  00105 17 140 602003887905*1 42973

328714BESTKRG 58142 38003884767 42999

1 24342109WCI 11NDOMB  01389 203 5403895855*1 43019
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1 27370706WXX 15NOBSRG 33253 EXPL7 291 1283932129*2 43096

2 24304709WVA 10NSANB  00214 06 40 2642 3043891226*2 43104

325528MRG MUNRG 91265 POD27 100003908403 43105

32710301WBE 09NDOMRG 35828 12 7453877191* 43176

312990MRG MUNRG 91265 POD85 100003924692 43178

2 24297409WVA 11NDOMB  00091 31 4 1461503891940*4 43189

1 30586203WSO 07NDOMRG 52941 35 340 343743852411*2 43214

2 24321409WVA 11NDOMB  00299 19 94 204 1143895865*2 43226

1 24632809WCI 12NDOMB  01340 094 3003907713*4 43238

4 24322509WCI 11NDOMB  01517 18 90 504 1403896269*4 43263

1 27311406WMK 15NOBSRG 33253 -0-5 292 1393932149*1 43290

1 27311406WMK 15NOBSRG 33253 -0-6 292 2603932149*1 43290

1 27311406WXX 15NOBSRG 33253 EXPL6 292 2603932149*1 43290

1 27230206WMK 15NIRRRG 39079 30 58 30824 31403931966*2 43368

32539701WBE 09NSTKRG 09732 26 368 1445123872391* 43378

3 24633809WCI 12NMULB  01341 094 3003908114*2 43387

2 32445701WBE 09NDOMRG 50601 34 500 2004 7003870489*4 43390

3 24324109WCI 10NSTKB  01220 29 60 302 903884389*1 43395

24274309WVA 10NSANB  00219 06 5 2652703890939*2 43407

24284909WVA 11NDOMB  00084 30 55 551103894156*2 43426

2 29252904WCI 06NDOMRG 64299 16 570 1206903847891*1 43447

26543612ESM 15NMULUP 02625 33 75 2253003929098 43481

24289909WVA 11NDOMB  00287 19 58 40983895774*2 43528

24289909WVA 11NDOMB  00295 19 80 271073895774*2 43528

3 24279709WVA 11NDOMB  00289 19 65 354 1003895472*2 43597

1 24254909WCI 10NSANB  00089 06 14 1081223891137*2 43602

1 24254909WVA 10NSANB  00226 06 40 2643043891137*2 43602

4 27271506WMK 15NIRRRG 39078 19 58 10424 11003932357*4 43610

318861MRG MUNRG 91265 POD93 100003919730 43623

326627MRG MUNRG 91265 POD29 100003907153 43629

3 24244109WCI 10NSANB  00089 AMEND 06 14 1081 1223890837*2 43709

1 24240809WCI 10NMONB  01794 POD1 063 2038910632 43742
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4 32917801EDA 23SMDWLRG01813 08 49 2012 25038828402 43770

314050MRG MUNRG 91265 POD86 100003924692 43845

1 24354009WCI 09NPLSB  01675 POD1 053 3880520*4 43848

2 27353106WMK 15NIRRRG 39077 20 58 10742 11323932931*3 43915

2 24223509WCI 10NDOMB  01332 06 18 472 653890449*3 43917

24245709WVA 11NDOMB  00285 19 60 30903895383* 43926

24245709WVA 11NDOMB  00293 19 69 23923895383* 43926

4 24239309WCI 11NDOMB  01258 19 70 404 1103895482*1 43999

2 32941401EBE 10NMDWRG 34688 30 930 45613863882568*2 44052

4 32738301WSA 12NMUNRG 88934 POD3 124 600039064141 44066

3 26079408WMK 14NSTKRG 43459 12 110 2903 40039269332 44087

3 32978615WCI 10NDOMG  01412 201 16338844251 44108

1 30757003WSO 07NDOMRG 57431 36 48 424 903852270*2 44143

326703MRG MUNRG 91265 POD26 100003908366 44166

1 30700903WSA 15NDOMRG 28070 261 3929808*3 44174

3 24932209WMK 13NDOMB  01104 14 247 563033915349*4 44222

24205509WVA 11NDOMB  00286 19 65 26913894981*3 44286

4 32453416WMK 13NDOMG  02305 POD1 221 22539130952 44355

2 25818408WMK 14NSTKRG 43460 15 675 1012 77639253004 44358

1 27374906WMK 15NIRRRG 39083 20 50 9503 10003933468*2 44368

320831MRG MUNRG 91265 POD80 100003918556 44377

33061215WCI 11NDOMG  02544 29 230 402703891964 44475

1 27374906WMK 15NOBSRG 33253 -0-7 201 1283933668*2 44560

2 32739004EBE 11NMRG DOMRG 91266 POD1 15 710 2301 94039082032 44734

2 27112607WCI 15NDOMRG 43469 242 90039330124 44742

2 24316709WCI 09NSTKB  01240 17 170 2904603878231*1 44802

24141111WCI 12NDOMB  01630 25 8003893318 44806

4 24384009WCI 09NDOMB  01351 20 260 2503 5103876097*2 44814

3 24440609WMK 09NEXPB  00985 28 210 23124 25223874509*1 44835

3 24440609WMK 09NEXPB  00985 EXPL-2 28 210 23124 25223874509*1 44835

2 25720308WMK 14NSTKRG 87662 POD1 153 54039251443 44864

2 24150110WCI 11NDOMB  01276 24 52 5786303896006*2 44944
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2 24198409WCI 10NSTKB  01219 31 80 754 1553882202*3 45008

2 24153110WCI 11NDOMB  01386 13 100 351353896800*4 45011

31537402WVA 07NMRG DOMRG 23476 POD1 14 4 1321363856456* 45146

320869MRG MUNRG 91265 POD81 100003919768 45172

4 33136901EDA 22SIRRLRG03906 153 6038898243 45230

1 24782009WMK 13NDOMB  00415 O-5 22 72 234 953914889*2 45235

1 24088810WCI 11NIRRB  01018 36 2 133 153892680*2 45298

3 24089610WCI 11NMONB  01714 POD1 253 133893081*4 45308

3 24089610WCI 11NMONB  01714 POD2 253 133893081*4 45308

3 24089610WCI 11NMONB  01714 POD3 253 133893081*4 45308

1 24782009WMK 13NDOMB  00415 O-4 22 15 172 323915089*2 45341

1 24782009WMK 13NDOMB  00415 O-6 22 73 172 903915089*2 45341

1 24782009WMK 13NDOMB  00415 O-7 22 74 62 803915089*2 45341

322043MRG MUNRG 91265 POD83 100003918631 45376

1 26418407WMK 15NMRG STKRG 72447 32 2503930627*2 45423

24085110WVA 11NDOMB  00205 24 3153895431* 45528

2 25162509WMK 14NEXPB  01711 POD2 362 20003920568*4 45542

298996SMGR DOMUP 00843 180 202003934648 45626

4 25163609WMK 14NEXPB  01711 POD1 364 20003920765*2 45662

2 25142509WMK 14NEXPB  01711 POD5 361 20003920568*4 45693

3 24846209WMK 13NSTKB  01190 11 37 3533 3903916872*3 45788

330815EXPRG 84522 892 33212243880780 45789

4 24743009WMK 13NDOMB  01115 15 204 2744 4783915312*3 45790

4 25143609WMK 14NEXPB  01711 POD3 363 20003920765*2 45813

4 24116710WVA 10NDOMB  00755 36 75 254 1003881822*4 45883

2 24721609WMK 13NDOMB  01636 22 80 18026039152041 45914

3 24032510WCI 11NSANB  01457 254 5003893914*1 45926

1 24356809WCI 09NSANB  01204 32 287 782 3653873529*2 45977

4 24020615WCI 11NDOMG  02718 POD1 322 98038934264 46015

4 24022112WMK 13NDOMB  01729 POD1 16 35 2651 30038937461 46019

24021909WMK 13NDOMB  01636 POD2 22 180 2904703893728 46020

3 24022011WCI 12NDOLB  01151 POD2 23 190 951 28538937463 46020
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1 24683409WMK 13NDOMB  00659 22 190 303 2203914920*1 46089

331348SADOMRG 68999 800 25010503900280 46167

322157MRG MUNRG 91265 POD82 100003919806 46193

31698402WVA 07NDOMRG 48056 13 7 1481553856416* 46234

4 25084709WMK 14NEXPB  01711 POD4 364 20003920771*1 46265

1 25043609WMK 14NMINB  00993 S 364 15333920388*3 46335

2 23994910WVA 11NDOMB  00081 26 72 622 1343894532*2 46346

4 23996510WCI 11NEXPB  01644 23 142 4234 56538947414 46347

2 33143401EBE 10NMRG SANRG 84801 331 100038808411 46379

4 23986510WVA 11NDOMB  00460 23 280 723523894838*4 46455

2 23972110WVA 11NMUNB  00073 263 423893522*4 46505

2 23972110WVA 11NMUNB  00074 263 403893522*4 46505

330506BEPUBRG 72202 13603876880 46508

23964710WVA 11NDOMB  00086 26 60 1952553894237*2 46625

1 24214109WVA 12NDOMB  00113 18 55 451 1003906437*3 46682

4 24256209WCI 12NDOMB  01458 07 126 5761 7023907633*3 46701

3 23951010WVA 11NAGRB  00037 262 1283893331*4 46705

3 23951010WVA 11NIRRB  00037 262 1283893331*4 46705

3 23951010WCI 11NMUNB  00039 26 0 3142 3143893331*4 46705

24112010WVA 12NDOMB  00284 25 106 3044103903364* 46732

1 24434409WMK 13NDOMB  00415 O-10 32 30 293 593911793*2 46750

1 24434409WMK 13NDOMB  00415 O-11 32 30 423 723911793*2 46750

1 24434409WMK 13NDOMB  00415 O-8 32 30 243 543911793*2 46750

1 24434409WMK 13NDOMB  00415 O-9 32 32 253 573911793*2 46750

4 26691507WMK 15NMRG MONRG 35275 EXP-11 22 40 1601 2003933506*1 46776

3 26667707WMK 15NMRG MONRG 35275 S-18 22 1153933400*1 46777

3 26667707WMK 15NMRG MONRG 35275 S-19 22 2153933400*1 46777

3 26667707WMK 15NMRG MONRG 35275 S-20 22 1863933400*1 46777

3 26667707WMK 15NMRG MONRG 35275 S-21 22 1863933400*1 46777

3 26667707WMK 15NMRG MONRG 35275 S-22 22 2153933400*1 46777

3 26667707WMK 15NMRG MONRG 35275 S-23 22 2153933400*1 46777

3 26667707WMK 15NMRG MONRG 35275 S-24 22 2153933400*1 46777
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1 24058210WCI 12NMONB  00028 S369 36 32 534 853901443*3 46779

2 26144908WMK 15NDOMRG 34317 36 100 1004 2003930604*2 46787

3 26677607WMK 15NMRG MONRG 35275 EXP-13 222 2003933499*1 46826

239399MONB  01728 POD24 45 5503893918 46850

239374MONB  01728 POD20 483893919 46876

3 26667207WMK 15NMRG MONRG 35275 EXP-12 222 20039335251 46894

239348MONB  01728 POD19 533893919 46901

239348MONB  01728 POD22 473893919 46901

27045307WMK 15NDOMRG 43465 13 60 1902503935075 46911

239370MONB  01728 POD21 463894690 46935

239313CIMONB  01728 POD7 413894011 46942

4 26627207WMK 15NMRG MONRG 35275 S-15 21 2063933406*2 46953

239273MONB  01728 POD27 723893952 46978

2 23991410WCI 10NDOMB  01769 POD1 22 80 3402 42038825473 46979

239254CIMONB  01728 POD60 563893746 46984

239254CIMONB  01728 POD61 593893746 46984

239254MONB  01728 POD1 493893946 46997

239254MONB  01728 POD16 463893946 46997

239254MONB  01728 POD17 1003893946 46997

239254MONB  01728 POD18 483893946 46997

239254MONB  01728 POD2 443893946 46997

239254MONB  01728 POD23 503893946 46997

239254MONB  01728 POD25 753893946 46997

239254MONB  01728 POD29 753893946 46997

239254MONB  01728 POD3 483893946 46997

239254MONB  01728 POD30 903893946 46997

239254MONB  01728 POD31 903893946 46997

239254MONB  01728 POD33 903893946 46997

239254MONB  01728 POD34 603893946 46997

239254MONB  01728 POD35 583893946 46997

239254MONB  01728 POD36 703893946 46997

239254MONB  01728 POD37 553893946 46997
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239254MONB  01728 POD38 473893946 46997

239254MONB  01728 POD39 673893946 46997

239254MONB  01728 POD4 463893946 46997

239254MONB  01728 POD40 463893946 46997

239254MONB  01728 POD41 603893946 46997

239254MONB  01728 POD42 703893946 46997

239254MONB  01728 POD43 703893946 46997

239254MONB  01728 POD44 703893946 46997

239254MONB  01728 POD45 473893946 46997

239254MONB  01728 POD46 703893946 46997

239254MONB  01728 POD47 503893946 46997

239254MONB  01728 POD48 423893946 46997

239254MONB  01728 POD49 463893946 46997

239254MONB  01728 POD5 453893946 46997

239254MONB  01728 POD50 463893946 46997

239254MONB  01728 POD51 453893946 46997

239254MONB  01728 POD52 463893946 46997

239254MONB  01728 POD53 433893946 46997

239254MONB  01728 POD54 483893946 46997

239254MONB  01728 POD55 703893946 46997

239254CIMONB  01728 POD56 623893946 46997

239254CIMONB  01728 POD57 713893946 46997

239254CIMONB  01728 POD58 673893946 46997

239254CIMONB  01728 POD59 713893946 46997

239254MONB  01728 POD6 503893946 46997

239254CIMONB  01728 POD62 633893946 46997

3 23940210WCI 11NDOMB  01451 23 410 1951 6053895742*2 47001

239248MONB  01728 POD26 703893953 47003

2 26702607WMK 15NMRG MONRG 35275 S-26 22 7 2082153933808*1 47006

239244CIMONB  01728 POD10 553894013 47011

239244CIMONB  01728 POD11 553894013 47011

239244CIMONB  01728 POD12 553894013 47011
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239244CIMONB  01728 POD13 553894013 47011

239244CIMONB  01728 POD14 40 14543894013 47011

239244CIMONB  01728 POD15 41 10513894013 47011

239244CIMONB  01728 POD8 553894013 47011

239244CIMONB  01728 POD9 42 7493894013 47011

1 23941310WCI 11NDOMB  01041 X 23 280 1203 4003895939*2 47011

23922010WVA 11NMUNB  00075 26 403893857* 47025

23922010WVA 11NMUNB  00076 26 1503893857* 47025

23922010WVA 11NMUNB  00077 26 1203893857* 47025

287956SMSTKUP 03584 46 1141603937867 47034

3 24061610WVA 12NSANB  00770 25 290 2004 4903902660*3 47036

3 23920710WCI 10NSTKB  01334 14 20 35553886846*4 47115

2 23993410WVA 11NDOMB  00109 02 130 1401 2703900071*4 47123

1 26669207WMK 15NMRG MONRG 35275 S-16 22 1703933806*1 47141

2 24085610WCI 12NMONB  00028 S-305 25 50 2701 3203904055*1 47174

24074210WVA 12NSANB  00554 25 290 303203903767*1 47204

2 24017910WCI 12NB  01398 352 1253901660*4 47221

1 24042810WVA 12NSANB  00396 25 100 1551 2553903262*3 47372

4 24009110WVA 12NDOMB  00150 35 60 38983901966*2 47377

4 24009110WVA 12NDOMB  00154 35 50 32823901966*2 47377

331674BESANRG 66082 1000 36013603877719 47385

30752903WSA 15NDOMRG 70915 14 10 2402503933199 47423

326075CIDOMG  01468 260 1153753865266 47428

3 26660607WMK 15NOBSRG 33253 -0-3 153 1063934111*3 47454

3 26660607WXX 15NOBSRG 33253 EXPL3 153 1063934111*3 47454

23986610WVA 12NDOMB  00159 35 50 501003901375*4 47461

2 24010210WVA 12NDOMB  00151 35 60 37973902371*2 47463

4 24021210WCI 12NMONB  00028 S-306 26 85 2152 3003902874*4 47481

4 24162910WCI 12NDOMB  01771 POD1 12 360 2403 60039074224 47499

322990MRG MUNRG 91265 POD79 100003920866 47508

4 24926109WMK 14NMINB  00993 354 13983920832*1 47525

1 23863410WCI 11NDOMB  01761 POD1 34 120 1601 28038917972 47525
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2 24000110WCI 12NMONB  00028 S-334 35 57 183 753902270*2 47537

2 24000110WCI 12NMONB  00028 S-337 35 59 153 743902270*2 47537

2 24000110WCI 12NMONB  00028 S-338 35 62 163 783902270*2 47537

242137CIDOMB  00521 198 1223203908891 47560

2 24022410WCI 12NMONB  00028 S349 26 34 162 503903277*4 47573

2 24022410WCI 12NMONB  00028 S351 26 35 212 563903277*4 47573

2 24022410WCI 12NMONB  00028 S352 26 40 162 563903277*4 47573

2 24022410WCI 12NMONB  00028 S353 26 35 212 563903277*4 47573

2 24022410WCI 12NMONB  00028 S354 26 35 212 563903277*4 47573

1 23977510WCI 12NMONB  00028 S-299 354 2323901477*4 47573

2 24000110WCI 12NMONB  00028 S-339 35 59 161 753902470*2 47585

2 24000110WCI 12NMONB  00028 S-340 35 57 231 803902470*2 47585

2 24000110WCI 12NMONB  00028 S-341 35 42 2581 3003902470*2 47585

33279101EBE 10NMRG DOMRG 87607 POD1 33 896 18410803881330 47605

3 23966510WVA 12NDOMB  00246 35 60 421023901174*4 47614

2 23852810WCI 10NDOMB  01741 POD1 03 210 1952 40538899661 47631

4 24023610WCI 12NMONB  00028 S-184 26 44 112 553903679*2 47668

2 24024810WMK 12NINDB  00028 A 26 135 8454 9803903882*2 47711

2 24024810WMK 12NIRRB  00028 A 26 135 8454 9803903882*2 47711

2 24024810WMK 12NMONB  00028 A 26 135 8454 9803903882*2 47711

2 24024810WMK 12NIRRB  00028 A 26 135 8454 9803903882*2 47711

2 24024810WCI 12NMONB  00028 S-140 264 613903882*2 47711

2 24024810WCI 12NMONB  00028 S-180 26 42 134 553903882*2 47711

2 24024810WCI 12NMONB  00028 S-185 26 47 94 563903882*2 47711

2 24024810WCI 12NMONB  00028 S-186 26 43 134 563903882*2 47711

2 24024810WCI 12NMONB  00028 S-187 26 35 214 563903882*2 47711

2 24024810WCI 12NMONB  00028 S-278 26 46 114 573903882*2 47711

2 24024810WCI 12NMONB  00028 S-279 26 41 164 573903882*2 47711

2 24024810WCI 12NMONB  00028 S-280 26 39 174 563903882*2 47711

2 24024810WCI 12NMONB  00028 S-281 26 40 164 563903882*2 47711

2 24024810WCI 12NMONB  00028 S-282 26 42 154 573903882*2 47711

1 23979610WCI 12NMONB  00028 S-335 35 54 214 753902285*2 47739
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1 23979610WCI 12NMONB  00028 S-336 35 51 264 773902285*2 47739

30495803WXX 15NDOMRG 35432 55 31863934755 47747

2 24002410WCI 12NMONB  00028 S350 26 33 221 553903277*4 47766

2 24002410WCI 12NMONB  00028 S355 26 35 91 443903277*4 47766

2 24024810WCI 12NMONB  00028 EXPL-X16 26 42 52 473904082*2 47766

2 24024810WCI 12NMONB  00028 S-188 26 40 132 533904082*2 47766

1 23979610WCI 12NMONB  00028 EXPL-L10 35 55 182 733902485*2 47787

1 23979610WCI 12NMONB  00028 EXPL-L8 35 50 222 723902485*2 47787

239531MULB  00819 65 351003901371 47788

4 24003610WCI 12NMONB  00028 S-95 263 653903479*2 47807

4 24003610WCI 12NMONB  00028 S-97 263 653903479*2 47807

4 24003610WCI 12NMONB  00028 S-98 263 653903479*2 47807

4 24026010WCI 12NMONB  00028 -CW-3 234 2353904284*4 47811

333618BEDOMRG 28143 945 31512603896593 47812

3 23980710WCI 12NMONB  00028 EXPL-J8 26 40 214 613902689*4 47827

3 23980710WCI 12NMONB  00028 EXPL-L5 26 40 154 553902689*4 47827

3 23980710WCI 12NMONB  00028 EXPL-L7 26 60 64 663902689*4 47827

3 23980710WCI 12NMONB  00028 S-314 26 20 354 553902689*4 47827

3 23960610WCI 12NDOMB  01658 353 20039019382 47842

1 23969710WVA 12NDOMB  00164 35 1103902386*2 47859

2 25984808WMK 15NOBSRG 33253 -0-1 352 2903930853*2 47860

2 25984808WXX 15NOBSRG 33253 EXPL1 352 2903930853*2 47860

4 24003610WCI 12NMONB  00028 -S (NEW) 26 137 8631 10003903679*2 47860

4 24003610WCI 12NMONB  00028 EXPL 26 135 8451 9803903679*2 47860

4 24003610WCI 12NMONB  00028 S 26 135 8451 9803903679*2 47860

4 24003610WCI 12NMONB  00028 S-99 261 303903679*2 47860

2 23827610WCI 10NDOMB  01648 032 20038913822 47876

3 23980710WCI 12NMONB  00028 S-110 26 41 132 543902889*4 47877

3 23980710WCI 12NMONB  00028 S-111 262 533902889*4 47877

3 23980710WCI 12NMONB  00028 S-112 262 523902889*4 47877

3 23980710WCI 12NMONB  00028 S-284 26 27 242 513902889*4 47877

3 23980710WCI 12NMONB  00028 S-285 26 30 212 513902889*4 47877
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3 23980710WCI 12NMONB  00028 S-286 26 32 192 513902889*4 47877

3 23980710WCI 12NMONB  00028 S-315 26 22 332 553902889*4 47877

4 23936010WCI 12NMONB  00028 S-297 35 55 484 1033901090*3 47893

4 23936010WCI 12NMONB  00028 S-300 35 137 2234 3603901090*3 47893

4 23936010WVA 12NSANB  00860 35 120 1854 3053901090*3 47893

3 23958610WCI 12NMONB  00028 EXPL-GT 35 60 241 843902081*2 47895

3 23958610WCI 12NMONB  00028 EXPL-GU 35 60 201 803902081*2 47895

4 23830910WVA 11NDOMB  00102 27 105 204 1253893161*4 47896

4 23830910WCI 11NDOMB  01515 27 10 504 603893161*4 47896

2 23829510WVA 11NDOMB  00490 34 115 852 2003892960*2 47901

2 23829510WVA 11NSANB  00553 S 34 40 1312 1713892960*2 47901

2 23829510WVA 11NSANB  00608 34 47 582 1053892960*2 47901

2 23837610WCI 11NSANB  01360 27 60 804 1403894371*2 47902

4 23825010WMK 11NDOMB  00509 34 75 154 903891558*4 47905

4 23825010WVA 11NDOMB  00589 34 75 652 1403891758*4 47908

4 23835210WCI 11NINDB  00025 272 1503894165*2 47911

4 23835210WVA 11NMUNB  00038 27 44 2562 3003894165*2 47911

1 23982010WCI 12NMONB  00028 EXPL-X5 26 31 134 443903091*4 47915

1 23982010WCI 12NMONB  00028 EXPL-X6 26 32 144 463903091*4 47915

1 23982010WCI 12NMONB  00028 EXPL-X7 26 35 214 563903091*4 47915

1 23982010WCI 12NMONB  00028 S-113 264 543903091*4 47915

1 23982010WCI 12NMONB  00028 S-256 26 73 124 853903091*4 47915

2 23823410WCI 10NDOMB  01365 03 12 142 263891382*2 47919

2 23840910WCI 10NDOMB  01764 POD1 03 120 2002 32038867171 47921

1 23959610WCI 12NMONB  00028 EXPL-CW13 35 74 2013 2753902285*2 47933

1 23959610WCI 12NMONB  00028 EXPL-GS 35 60 253 853902285*2 47933

4 23936010WCI 12NMONB  00028 S-295 35 78 172 953901290*3 47936

2 23925210WVA 11NDOMB  00132 02 280 02803900805*1 47939

24249009WCI 13NSTKB  01783 POD1 31 5003910685 47946

333514BENOTRG 36108 850 33011803883396 47948

333514XXOBSRG 36108 2 3883396 47948

23946110WVA 12NDOMB  00180 35 54 32863901812* 47954
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23946110WVA 12NDOMB  00198 35 66 24903901812* 47954

23946110WVA 12NDOMB  00550 35 80 1802603901812* 47954

23946110WVA 12NDOMB  00651 35 90 2303203901812* 47954

23946110WVA 12NSANB  00802 35 160 1403003901812* 47954

2 24004810WCI 12NMONB  00028 S-181 26 55 21 573904082*2 47958

2 24004810WCI 12NMONB  00028 S-182 26 50 131 633904082*2 47958

2 24004810WCI 12NMONB  00028 S-183 26 50 211 713904082*2 47958

2 24004810WCI 12NMONB  00028 S-189 261 533904082*2 47958

2 24004810WCI 12NMONB  00028 S-190 26 40 311 713904082*2 47958

23902510WVA 11NDOMB  00263 02 98 1402383899805*3 47965

1 23982010WCI 12NMONB  00028 EXPL-C12 26 50 142 643903291*4 47966

1 23982010WCI 12NMONB  00028 EXPL-X8 26 38 232 613903291*4 47966

1 23982010WCI 12NMONB  00028 EXPL-X9 26 38 232 613903291*4 47966

1 23982010WCI 12NMONB  00028 O-7 26 55 352 903903291*4 47966

1 23982010WCI 12NMONB  00028 O-8 26 55 352 903903291*4 47966

1 23982010WCI 12NMONB  00028 S-119 26 40 212 613903291*4 47966

1 23982010WCI 12NMONB  00028 S-23 26 40 252 653903291*4 47966

1 23982010WCI 12NMONB  00028 S-24 26 40 252 653903291*4 47966

2 23937110WCI 12NMONB  00028 S-294 35 76 194 953901494*3 47971

4 23818210WVA 10NDOMB  00181 102 4003889382*2 47991

23886910WMK 10NDOMG  02133 35 48 10583882611* 47996

4 24006010WCI 12NMONB  00028 S-304 23 59 1763 2353904284*4 48003

4 23815010WCI 11NDOMB  01286 34 78 1223 20038916494 48007

3 23983210WCI 12NMONB  00028 -DK 264 653903494*2 48008

3 23983210WCI 12NMONB  00028 -DL 264 653903494*2 48008

3 23983210WCI 12NMONB  00028 S-251 264 653903494*2 48008

3 23983210WCI 12NMONB  00028 S-96 264 703903494*2 48008

4 23830110WVA 11NDOMB  00201 22 190 852753894875*4 48016

4 23830110WVA 11NDOMB  00453 22 380 604403894875*4 48016

30978603WSA 15NSTKRG 38759 13 670 1308003932666*4 48017

3 23960710WCI 12NMONB  00028 EXPL-J7 26 40 203 603902689*4 48021

3 23960710WCI 12NMONB  00028 S-102 26 40 283 683902689*4 48021
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4 23811610WVA 11NDOMB  00497 34 75 1453 22038916084 48040

3 23983210WCI 12NMONB  00028 S-276 26 130 112 1413903694*2 48061

3 23983210WCI 12NMONB  00028 S-277 26 140 82 1483903694*2 48061

3 23960710WCI 12NMONB  00028 S-2 26 49 231 723902889*4 48070

3 23960710WCI 12NMONB  00028 S-229 261 543902889*4 48070

3 23960710WCI 12NMONB  00028 S-230 261 603902889*4 48070

3 23960710WCI 12NMONB  00028 S-283 26 29 271 563902889*4 48070

3 23960710WCI 12NMONB  00028 S-3 26 48 221 703902889*4 48070

3 23960710WCI 12NMONB  00028 S-316 26 30 251 553902889*4 48070

3 23960710WCI 12NMONB  00028 S-4 26 47 231 703902889*4 48070

3 23960710WCI 12NMONB  00028 S-5 26 48 231 713902889*4 48070

2 23808410WCI 10NIRRB  00011 10 753889687*2 48080

2 24094910WVA 12NDOMB  00415 O-13 13 50 241 743907282*1 48089

4 23916010WCI 12NMONB  00028 S-296 35 56 363 923901090*3 48089

2 23809510WCI 11NDOMB  01538 34 120 1803 3003892760*2 48092

4 23808010WVA 11NMULB  00827 34 112 433 1553892360*2 48093

2 23806510WCI 11NDOMB  01347 34 42 731 1153892159*4 48102

2 23806510WCI 11NDOMB  01542 34 40 1051 1453892159*4 48102

1 23984410WCI 12NMONB  00028 S-374 26 130 354 1653903896*2 48104

1 23984410WCI 12NMONB  00028 S-376 26 65 954 1603903896*2 48104

4 23805010WVA 11NDOMB  00875 34 65 253 903891558*4 48105

1 23962010WCI 12NMONB  00028 S-257 26 70 153 853903091*4 48108

1 23962010WCI 12NMONB  00028 S-258 26 61 253 863903091*4 48108

1 23962010WCI 12NMONB  00028 S-259 26 62 243 863903091*4 48108

1 23962010WCI 12NMONB  00028 S-260 26 64 223 863903091*4 48108

2 23803410WCI 10NDOMB  01293 03 80 553 1353891182*2 48117

4 23801710WCI 10NDOMB  01357 03 140 1003 2403890785*2 48133

2 23939210WCI 12NMONB  00028 -GQ 354 803902301*1 48135

1 26601607WMK 15NDOMRG 43466 164 47539345924 48137

1 23962010WCI 12NMONB  00028 EXPL-C11 26 45 201 653903291*4 48160

4 23821610WVA 11NDOMB  00104 22 110 403 1503895569*2 48164

4 23928310WVA 12NDOMB  00138 35 67 331003901998*1 48170
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4 23928310WVA 12NDOMB  00163 35 65 25903901998*1 48170

4 23928310WVA 12NDOMB  00166 35 66 341003901998*1 48170

3 25844408WMK 15NMRG MONRG 35275 353 2003930285*1 48180

2 23939210WCI 12NMONB  00028 -TEMP-S-14 35 52 682 1203902501*1 48183

4 23801110WCI 11NSANB  01704 POD1 27 142 583 20038930774 48189

3 23963210WCI 12NMONB  00028 O-5 26 40 253 653903494*2 48201

3 23963210WCI 12NMONB  00028 O-6 26 40 253 653903494*2 48201

3 23963210WCI 12NMONB  00028 S-101 263 1853903494*2 48201

3 23963210WCI 12NMONB  00028 S-21 26 40 453 853903494*2 48201

3 23963210WCI 12NMONB  00028 S-22 26 40 453 853903494*2 48201

3 23963210WCI 12NMONB  00028 S-83 263 953903494*2 48201

2 23917110WCI 12NMONB  00028 S-394 35 115 421 1573901694*3 48210

2 23917110WVA 12NDOMB  00083 35 64 1431 2073901694*3 48210

23796810WVA 11NSANB  00553 34 45 611063892664*2 48215

23796810WVA 11NDOMB  00774 34 113 521653892664*2 48215

4 23940310WCI 12NINDB  00028 264 783902704*3 48222

4 23940310WCI 12NMONB  00028 264 783902704*3 48222

4 23940310WCI 12NMUNB  00028 264 783902704*3 48222

4 23940310WCI 12NIRRB  00028 264 783902704*3 48222

4 23940310WCI 12NMONB  00028 EXPL-J3 264 783902704*3 48222

4 23940310WCI 12NMONB  00028 S-106 26 40 284 683902704*3 48222

4 23940310WCI 12NMONB  00028 S-74 264 603902704*3 48222

23793110WVA 11NDOMB  00454 34 110 701803891857*4 48229

1 33327601ESA 12NEXPRG 83824 EXPL 272 200039011403 48232

3 23963210WCI 12NMONB  00028 S-275 26 140 221 1623903694*2 48254

1 23894910WVA 11NDOMB  00147 02 60 1002 1603900921*1 48260

1 23789910WCI 11NMULB  01668 POD1 34 160 602 22038922504 48271

4 23940310WCI 12NMONB  00028 O-10 26 65 282 933902904*3 48271

4 23940310WCI 12NMONB  00028 O-9 26 65 302 953902904*3 48271

4 23940310WCI 12NMONB  00028 S-6 26 50 222 723902904*3 48271

4 23940310WCI 12NMONB  00028 S-7 26 50 222 723902904*3 48271

3 23804910WCI 11NDOMB  01747 POD1 222 35038949244 48272
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3 23895710WCI 12NMONB  00028 S-332 35 52 414 933901108*3 48291

3 23895710WCI 12NMONB  00028 S-333 35 53 414 943901108*3 48291

3 23895710WCI 12NMONB  00028 S-342 35 52 1414 1933901108*3 48291

3 23895710WCI 12NMONB  00028 S-343 35 60 1254 1853901108*3 48291

3 23895710WVA 12NSANB  00658 35 130 1304 2603901108*3 48291

4 23918210WVA 12NDOMB  00165 35 63 371 1003902097*1 48291

1 23964410WCI 12NMONB  00028 S-223 263 1183903896*2 48296

1 23964410WCI 12NMONB  00028 S-385 26 150 203 1703903896*2 48296

1 30057703WSA 15NSTKRG 38717 063 8173936960*3 48296

23787210WCI 10NSTKB  00042 10 303889497*2 48297

23787210WCI 10NDOMB  00061 10 12 1381503889497*2 48297

23787210WVA 10NDOMB  00369 10 30 38683889497*2 48297

23787210WVA 10NDOMB  00431 10 113889497*2 48297

4 23807210WCI 10NDOMB  01432 22 235 252 2603886175*2 48306

23950310WCI 12NMONB  00028 -BP 26 853903423* 48307

23950310WCI 12NMONB  00028 -D1 26 903903423* 48307

3 23786610WCI 11NDOMB  01471 34 70 454 1153892362*2 48307

2 23941610WCI 12NMONB  00028 EXP-6 264 1453903106*3 48310

2 23941610WCI 12NMONB  00028 S-261 26 66 214 873903106*3 48310

2 23941610WCI 12NMONB  00028 S-262 26 67 174 843903106*3 48310

2 23941610WCI 12NMONB  00028 S-35 264 903903106*3 48310

2 23941610WCI 12NMONB  00028 S-36 264 1453903106*3 48310

1 23788410WCI 11NDOMB  01530 34 60 252 853892966*2 48311

3 23786610WCI 11NDOMB  01410 34 60 1402 2003892562*2 48314

334395SADOMRG 67407 950 23011803888049 48327

2 23919210WCI 12NMONB  00028 -S-57 353 1703902301*1 48330

2 23919210WCI 12NMONB  00028 -TEMP-S-10 35 60 603 1203902301*1 48330

2 23919210WCI 12NMONB  00028 -TEMP-S-11 35 52 483 1003902301*1 48330

2 23919210WCI 12NMONB  00028 -TEMP-S-12 35 55 653 1203902301*1 48330

2 23919210WCI 12NMONB  00028 -TEMP-S-13 35 55 653 1203902301*1 48330

2 23919210WCI 12NMONB  00028 EXP-7 353 1703902301*1 48330

1 33339601ESA 12NEXPRG 83826 EXPL 272 20003901074*3 48335
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1 23885010WVA 11NDOMB  00468 02 90 1502403900822*1 48336

1 23781510WCI 10NDOMB  01435 034 2003891183*2 48336

1 23781510WCI 10NDOMB  01436 03 190 102 2003891383*2 48338

3 23798710WVA 11NMUNB  00040 22 167 2002 3673894983*4 48338

3 23780010WCI 10NDOMB  01363 03 120 684 1883890790*2 48350

1 23964410WCI 12NMONB  00028 O-1 26 55 551 1103904096*2 48351

1 23964410WCI 12NMONB  00028 O-2 26 35 591 943904096*2 48351

1 23986810WCI 12NMONB  00028 EXPL-X10 23 40 212 613904901*4 48363

1 23778510WCI 10NDOMB  01422 03 97 284 1253890397*4 48367

1 23896710WCI 12NMONB  00028 S365 35 37 434 803901511*3 48368

1 23896710WCI 12NMONB  00028 S367 35 70 2304 3003901511*3 48368

2 23919210WCI 12NMONB  00028 -TEMP-S-9 35 55 651 1203902501*1 48377

23780111WCI 12NDOMB  01629 34 186 3395253892852 48390

4 23942810WCI 12NMONB  00028 EXPL-B9 26 44 424 863903508*1 48401

4 23942810WCI 12NMONB  00028 S-10 26 50 454 953903508*1 48401

4 23942810WCI 12NMONB  00028 S-254 264 793903508*1 48401

4 23942810WCI 12NMONB  00028 S-313 26 49 364 853903508*1 48401

4 23942810WCI 12NMONB  00028 S-9 26 48 474 953903508*1 48401

4 23942810WCI 12NMONB  00028 S-9  (NEW) 26 50 354 853903508*1 48401

4 23942810WCI 12NMONB  00028 S-94 264 903903508*1 48401

4 23852210WCI 11NDOMB  01072 03 180 3304 5103899520*4 48407

3 23885810WVA 12NDOMB  00152 35 60 25853901209*3 48409

3 23885810WVA 12NDOMB  00222 35 62 591213901209*3 48409

1 23896710WCI 12NDOMB  00028 S364 35 210 502 2603901711*3 48413

1 23896710WCI 12NMONB  00028 S364 35 210 502 2603901711*3 48413

1 23896710WCI 12NMONB  00028 S366 35 39 242 633901711*3 48413

1 23896710WCI 12NMONB  00028 S368 35 66 2342 3003901711*3 48413

1 23774910WCI 11NDOMB  01420 34 180 602403892060*4 48416

4 23920310WCI 12NMONB  00028 S-75 263 603902704*3 48416

23908010WVA 12NDOMB  00153 35 60 20803902215*1 48418

3 23773010WCI 11NDOMB  01228 34 135 652003891656*4 48426

3 23773010WCI 11NDOMB  01412 34 160 201803891656*4 48426
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2 30318803WSA 15NDOMRG 52352 08 360 1304903936200*2 48427

4 23805810WVA 10NDOMB  00103 22 20 204 403885161*4 48429

2 23931710WMK 12NIRRB  00028 A-EXPL 26 137 86310003903207*3 48431

3 23777110WVA 10NSTKB  00309 10 35 1174 1523888385*4 48443

4 23852210WCI 11NDOMB  01520 03 210 702 2803899720*4 48443

4 23942810WCI 12NMONB  00028 S-271 26 150 552 2053903708*1 48454

4 23942810WCI 12NMONB  00028 S-274 26 140 202 1603903708*1 48454

4 23942810WCI 12NMONB  00028 S-321 26 126 342 1603903708*1 48454

1 23874910WCI 11NSANB  00064 021 1503900921*1 48455

1 24296009WMK 13NDOMB  01485 30 280 3002 5803912846*4 48460

3 23821110WCI 10NIRRB  00937 26 26 1901 2163883751*3 48464

1 26349007WMK 15NSTKRG 43468 204 40039337191 48474

3 23766510WCI 10NDOMB  01733 POD1 03 75 1753 25038907762 48485

3 23875710WCI 12NMONB  00028 S-222 35 75 1333 2083901108*3 48486

3 23875710WCI 12NMONB  00028 S361 35 65 853 1503901108*3 48486

23766610WCI 10NDOMB  01634 03 4003891384 48487

2 23944110WCI 12NMONB  00028 S-379 26 160 104 1703903910*1 48495

2 23944110WCI 12NMONB  00028 S-381 26 140 304 1703903910*1 48495

1 23767310WCI 11NB  01667 34 50 1601 21038922154 48496

2 23921610WCI 12NMONB  00028 EXPL-C1 26 35 413 763903106*3 48503

2 23921610WCI 12NMONB  00028 EXPL-C2 26 34 423 763903106*3 48503

2 23921610WCI 12NMONB  00028 EXPL-C3 26 35 403 753903106*3 48503

2 23921610WCI 12NMONB  00028 EXPL-C4 26 38 373 753903106*3 48503

2 23921610WCI 12NMONB  00028 EXPL-C5 26 36 363 723903106*3 48503

2 23921610WCI 12NMONB  00028 S-139 263 943903106*3 48503

2 23921610WCI 12NMONB  00028 S-231 26 55 203 753903106*3 48503

2 23921610WCI 12NMONB  00028 S-308 26 55 253 803903106*3 48503

2 23921610WCI 12NMONB  00028 S-310 26 39 313 703903106*3 48503

3 23766610WVA 11NDOMB  00654 34 110 303 1403892362*2 48507

238713VAMULB  00583 165 1553203901003 48507

1 23767510WCI 11NDOMB  00381 34 40 18022038926802 48509

1 23768410WCI 11NDOMB  01384 34 100 551 1553892966*2 48511
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2 26717407WXX 15NOBSRG 33253 EXPL2 152 2203935517*1 48514

3 23762910WVA 11NDOMB  00563 34 150 503 2003891555*4 48526

3 23762910WCI 11NDOMB  01189 34 135 653 2003891555*4 48526

3 23762910WCI 11NDOMB  01362 34 120 603 1803891555*4 48526

3 23762910WCI 11NB  01601 34 150 2103 3603891555*4 48526

3 23762910WCI 11NDOMB  01197 34 110 1151 2253891755*4 48529

1 23898810WCI 12NMONB  00028 -TEMP-S-16 35 50 704 1203902316*1 48531

1 23898810WCI 12NMONB  00028 -TEMP-S-7 35 60 604 1203902316*1 48531

1 23898810WCI 12NMONB  00028 -TEMP-S-8 35 55 654 1203902316*1 48531

1 23898810WCI 12NEXPB  00408 EXPLOR-2 35 51 144 653902316*1 48531

1 23898810WCI 12NEXPB  00408 EXPLOR-3 35 51 294 803902316*1 48531

1 23898810WCI 12NEXPB  00408 EXPLOR-4 35 51 244 753902316*1 48531

1 23761510WCI 10NDOMB  01391 03 140 1003 2403891183*2 48536

3 23767210WCI 10NIRRB  00029 10 2003888486*4 48536

1 23779810WCI 11NDOMB  01405 22 170 503 2203895180*4 48544

2 23944110WCI 12NMONB  00028 S-25 26 55 352 903904110*1 48550

2 23944110WCI 12NMONB  00028 S-250 262 2863904110*1 48550

2 23944110WCI 12NMONB  00028 S-26 26 55 352 903904110*1 48550

2 23921610WCI 12NMONB  00028 S-126 26 44 431 873903306*3 48554

3 23887910WVA 12NDOMB  00221 35 58 32903902014*1 48567

1 23758910WCI 11NDOMB  01197 POD2 34 180 1003 28038917804 48569

1 23898810WCI 12NMONB  00028 EXPL-L9 35 55 182 733902516*1 48579

1 23764710WCI 10NDOMB  01428 15 40 20603888091*2 48582

3 23756910WCI 10NDOMB  01426 03 90 801 1703890204*4 48585

3 23756910WCI 10NMUNB  00136 033 1253890004*4 48589

3 23756910WCI 10NMUNB  00137 03 35 1153 1503890004*4 48589

4 23945310WCI 12NMONB  00028 -CW-2 234 3553904312*3 48594

4 23945310WCI 12NMONB  00028 S-303 23 108 2474 3553904312*3 48594

4 23922810WCI 12NMONB  00028 EXP-12 263 873903508*1 48595

4 23922810WCI 12NMONB  00028 S-11 26 50 453 953903508*1 48595

4 23922810WCI 12NMONB  00028 S-12 26 50 453 953903508*1 48595

4 23922810WCI 12NMONB  00028 S-249 263 1403903508*1 48595
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4 23922810WCI 12NMONB  00028 S-39 263 913903508*1 48595

4 23922810WCI 12NMONB  00028 S-40 263 863903508*1 48595

4 23922810WCI 12NMONB  00028 S-81 263 873903508*1 48595

1 23757010WCI 10NDOMB  01461 10 10 503 603889599*2 48596

23776610WVA 10NDOMB  00066 22 23 47703886291*2 48600

23776610WVA 10NDOMB  00243 22 25 50753886291*2 48600

3 23967910WVA 12NIRRB  00032 233 8643905104*2 48602

1 23876710WVA 12NDOMB  00415 35 30 291 593901711*3 48608

3 23757010WCI 10NDOMB  01469 10 65 153 803889195*2 48609

3 23756510WCI 10NDOMB  01652 10 20 403 6038890942 48617

1 23757010WCI 10NDOMB  01496 10 22 2783 3003888790*4 48624

3 33383601EBE 10NMRG DOMRG 22129 POD2 27 900 2002 110038813074 48634

2 33383601EBE 10NMRG DOMRG 22129 POD3 27 892 1483 104038813074 48634

4 23922810WCI 12NMONB  00028 S-272 26 130 521 1823903708*1 48647

4 23922810WCI 12NMONB  00028 S-273 26 145 151 1603903708*1 48647

2 23854710WCI 11NMONB  00028 S-220 03 60 602 1203900933*2 48655

2 23854710WCI 11NMONB  00028 S-221 03 62 352 973900933*2 48655

3 23899910WCI 12NMONB  00028 EXPL-J4 26 40 402 803902919*3 48666

3 23899910WCI 12NMONB  00028 EXPL-J5 26 40 332 733902919*3 48666

2 23833010WCI 11NDOMB  01249 03 140 303 1703899924*4 48670

2 24033910WVA 12NDOMB  00415 O-12 142 603907307*2 48671

23749110WVA 11NDOMB  00274 34 135 351703892254* 48679

23749110WVA 11NDOMB  00288 34 245 703153892254* 48679

23749110WVA 11NDOMB  00437 34 45 48933892254* 48679

23749110WVA 11NDOMB  00537 34 178 672453892254* 48679

23749110WVA 11NDOMB  00538 34 220 652853892254* 48679

23749110WVA 11NDOMB  00604 34 180 602403892254* 48679

2 23924110WCI 12NMONB  00028 S-320 26 133 623 1953903910*1 48688

2 23924110WCI 12NMONB  00028 S-373 26 155 123 1673903910*1 48688

3 33390901EBE 10NMRG DOMRG 22129 POD1 27 908 2122 11203881369*4 48694

2 23946410WCI 12NMONB  00028 EXPL-C6 234 1153904715*3 48696

2 23946410WCI 12NMONB  00028 EXPL-C7 234 733904715*3 48696
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2 23946410WCI 12NMONB  00028 EXPL-P1 23 55 604 1153904715*3 48696

2 23946410WCI 12NMONB  00028 S-109 23 52 634 1153904715*3 48696

305718SMDOMUP 03332 79 921713935466 48702

23744510WVA 10NDOMB  00688 03 200 402403890736* 48705

23744510WVA 10NDOMB  00691 03 180 402203890736* 48705

23744510WVA 10NDOMB  00692 03 220 402603890736* 48705

23766510WVA 11NDOMB  00465 22 105 1152203895505* 48706

23766510WVA 11NDOMB  00466 22 100 1202203895505* 48706

23766510WVA 11NSANB  00649 22 95 651603895505* 48706

2 23833010WCI 11NDOMB  01248 03 100 421 1423900124*4 48707

2 23833010WCI 11NDOMB  01417 03 90 901 1803900124*4 48707

2 23833010WCI 11NDOMB  01619 03 120 1001 2203900124*4 48707

4 23749610WCI 11NDOMB  01483 27 80 604 1403893177*3 48709

4 23745210WCI 11NDOMB  01353 34 180 1204 3003892365*1 48721

3 23831210WCI 11NDOMB  01299 POD2 34 260 902 35039001151 48724

23745710WVA 10NDOMB  00247 10 60 22823889114* 48724

23745710WVA 10NDOMB  00432 10 11 40513889114* 48724

23745710WVA 10NDOMB  00730 10 30 50803889114* 48724

23745710WVA 10NDOMB  00731 10 30 50803889114* 48724

23745710WVA 10NDOMB  00732 10 30 50803889114* 48724

23745710WVA 10NDOMB  00763 10 30 50803889114* 48724

23745710WVA 10NDOMB  00764 10 30 50803889114* 48724

23745710WVA 10NDOMB  00765 10 30 50803889114* 48724

23745710WVA 10NDOMB  00766 10 30 50803889114* 48724

23745710WVA 10NDOMB  00767 10 30 50803889114* 48724

1 23878810WCI 12NMONB  00028 -TEMP-S-15 35 55 653 1203902316*1 48726

1 23878810WCI 12NMONB  00028 S-298 35 72 2933 3653902316*1 48726

1 23878810WVA 12NEXPB  00408 35 51 143 653902316*1 48726

4 23855610WVA 12NDOLB  01502 34 50 1802 2303901321*4 48728

4 23855610WVA 12NMRG MULB  01502 34 50 1802 2303901321*4 48728

4 23741810WCI 10NDOLB  01708 POD1 03 180 2202 40038909621 48732

2 23829910WCI 11NDOMB  01249 POD2 03 200 1203 32039001224 48737
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3 23752210WVA 10NDOMB  00210 153 3887595*2 48738

2 23924110WCI 12NMONB  00028 S-319 26 68 1321 2003904110*1 48742

2 23946410WCI 12NMONB  00028 EXPL-C10 23 50 202 703904915*3 48753

2 23946410WCI 12NMONB  00028 EXPL-C8 232 773904915*3 48753

2 23946410WCI 12NMONB  00028 EXPL-C9 232 753904915*3 48753

1 23901210WCI 12NMONB  00028 S-121 262 833903321*3 48755

1 23901210WCI 12NMONB  00028 S-122 262 873903321*3 48755

1 23901210WCI 12NMONB  00028 S-123 26 46 452 913903321*3 48755

1 23901210WCI 12NMONB  00028 S-124 26 44 472 913903321*3 48755

2 23739510WCI 10NDOMB  01298 03 180 2652 4453891383*1 48758

2 23739510WCI 10NB  01504 03 140 802 2203891383*1 48758

23822210WVA 11NSANB  00115 03 320 203403899838*4 48760

23822210WCI 11NDOMB  00435 03 210 712813899838*4 48760

4 23760110WCI 11NDOMB  01032 22 80 504 1303895587*1 48778

4 23760110WCI 11NDOMB  01224 22 252 1084 3603895587*1 48778

4 23925310WCI 12NMONB  00028 -CW-1 233 3253904312*3 48786

4 23925310WCI 12NMONB  00028 S-302 23 108 2173 3253904312*3 48786

3 23902410WCI 12NMONB  00028 -DO 264 853903522*1 48795

3 23902410WCI 12NMONB  00028 -DR 264 953903522*1 48795

3 23902410WCI 12NMONB  00028 S-13 26 50 454 953903522*1 48795

3 23902410WCI 12NMONB  00028 S-14 26 50 354 853903522*1 48795

3 23902410WCI 12NMONB  00028 S-311 26 50 314 813903522*1 48795

3 23902410WCI 12NMONB  00028 S-312 26 55 264 813903522*1 48795

3 23902410WCI 12NMONB  00028 S-79 264 833903522*1 48795

3 23902410WCI 12NMONB  00028 S-80 26 95 04 953903522*1 48795

3 23902410WCI 12NMONB  00028 S-82 264 853903522*1 48795

4 33440001ESA 11NEXPRG 67000 031 303538981532 48796

4 33440001ESA 11NMRG MUNRG 67000 031 303538981532 48796

1 33440001EBE 11NSTKRG 87185 POD1 012 303538981534 48796

4 23947510WCI 12NMONB  00028 EXPL-B10 23 45 404 853905118*1 48802

4 23947510WCI 12NMONB  00028 EXPL-B11 23 47 424 893905118*1 48802

4 23735510WCI 10NDOMB  01518 03 320 804 4003890018*3 48802

50Page 38 of4/16/10 1:48 PM WATER COLUMN/ AVERAGE
DEPTH TO WATER

*UTM location was derived from PLSS - see Help



(In feet)

(quarters are 1=NW 2=NE 3=SW 4=SE)

(NAD83 UTM in meters)(quarters are smallest to largest)

64

Sub

basin  XCounty
Water

Column

Q

Y
Depth
WaterPOD Number 416

Q

RngUse TwsSec
Depth

Well

Q

Distance

2 23856510WCI 12NMONB  00028 S-331 34 61 1892 2503901724*4 48807

2 23834710WCI 11NMONB  00028 S-219 03 82 283 1103900733*2 48810

4 23735810WCI 10NSCHB  00890 10 20 442 643889408*1 48814

322612MRG MUNRG 91265 POD75 100003923329 48817

4 23735810WVA 10NCOMB  00167 10 25 3754 4003889208*1 48820

4 23735810WVA 10NIRRB  00167 10 25 3754 4003889208*1 48820

4 23735810WCI 10NDOMB  01381 10 35 54 403889208*1 48820

2 23736010WCI 10NDOMB  01415 10 27 732 1003889003*3 48825

2 23736010WVA 10NIRRB  00773 10 26 1744 2003888803*3 48834

4 23736210WVA 10NDOMB  00092 10 160 602 2203888598*3 48841

4 23747510WVA 11NMULB  00175 22 80 701503894893*3 48841

4 23747510WVA 11NDOMB  00496 22 100 601603894893*3 48841

4 23747510WCI 11NDOMB  00928 22 100 381383894893*3 48841

3 23902410WCI 12NMONB  00028 S-90 262 1713903722*1 48847

4 23736210WVA 10NDOMB  00713 10 110 1104 2203888398*3 48850

2 23834710WCI 11NMONB  00028 S-218 03 69 411 1103900933*2 48851

2 23834710WCI 11NMONB  00028 S347 03 90 1201 2103900933*2 48851

2 23834710WCI 11NMONB  00028 S348 03 70 201 903900933*2 48851

2 23729610WCI 10NDOMB  01355 03 117 731903891284*1 48856

3 23879910WCI 12NMONB  00028 EXPL-J6 26 51 241 753902919*3 48860

3 23879910WCI 12NMONB  00028 S-33 261 703902919*3 48860

3 23879910WCI 12NMONB  00028 S-34 261 703902919*3 48860

3 23879910WCI 12NMONB  00028 S-71 261 703902919*3 48860

2 23748910WVA 11NDOMB  00721 22 164 562203895291*3 48861

1 23812910WVA 11NDOMB  00772 03 121 794 2003899939*4 48870

2 23735910WCI 10NDOMB  01684 POD1 15 10 904 10038879671 48877

305580SASTKRG 68854 0 109010903935723 48882

4 23750210WVA 11NDOMB  00333 22 210 1003103895688*1 48886

4 23750210WCI 11NDOMB  01054 22 261 1113723895688*1 48886

2 23926410WCI 12NMONB  00028 S-309 23 39 313 703904715*3 48888

1 23903710WCI 12NMONB  00028 S-387 26 126 644 1903903924*1 48888

23735110WCI 10NIRRB  00014 EXPL 15 45 671123887538* 48912
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23735110WVA 10NDOMB  00069 15 30 701003887538* 48912

23735110WVA 10NDOMB  00255 15 50 901403887538* 48912

23735110WVA 10NDOMB  00337 15 70 401103887538* 48912

4 23739010WCI 11NDOMB  01656 224 120038947573 48915

2 23727410WVA 11NDOMB  00173 34 135 651 2003892971*1 48921

3 23802110WVA 11NEXPB  00001 03 3899637*4 48921

3 23802110WVA 11NIRRB  00001 03 3899637*4 48921

2 23731510WCI 11NDOMB  01509 27 50 701 1203893781*3 48922

2 23731510WCI 11NDOMB  01524 27 90 771 1673893781*3 48922

4 23835610WCI 12NDOMB  01477 34 40 401 803901321*4 48924

334276COMRG 19399 882 18010623882060 48924

2 23858410WCI 12NINDB  00005 F 344 9803902330*2 48927

2 23729510WCI 11NSTKB  01785 POD1 273 10038935363 48927

2 23726110WVA 10NDOMB  00368 10 30 1702003888904*3 48928

2 23723010WVA 11NDOMB  01434 34 220 353 2553891959*3 48932

2 23723010WCI 11NDOMB  01388 34 180 1601 3403892159*3 48937

237210CIDOMB  01590 200 2204203891083 48940

1 23903710WCI 12NMONB  00028 S-318 26 124 692 1933904124*1 48942

1 23881210WCI 12NMONB  00028 S-233 261 903903321*3 48948

1 23881210WCI 12NMONB  00028 S-307 26 65 351 1003903321*3 48948

2 23719510WCI 10NDOMB  01242 03 230 503 2803891183*1 48956

2 23719510WCI 10NDOMB  01400 03 160 803 2403891183*1 48956

2 23719510WCI 10NDOMB  01303 03 260 1301 3903891383*1 48958

2 23718610WCI 10NDOMB  01758 POD1 03 140 2603 40038914431 48967

2 23948610WCI 12NMONB  00028 S-232 232 823905721*1 48971

2 23858410WVA 12NDOMB  00675 342 3253902530*2 48975

2 23858410WVA 12NDOMB  00676 342 3073902530*2 48975

2 23858410WVA 12NDOMB  00677 342 2953902530*2 48975

3 23882410WCI 12NMONB  00028 S-15 26 50 603 1103903522*1 48988

3 23882410WCI 12NMONB  00028 S-317 26 50 653 1153903522*1 48988

3 23882410WCI 12NMONB  00028 S-370 26 65 503 1153903522*1 48988

3 23882410WCI 12NMONB  00028 S-371 26 60 553 1153903522*1 48988
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3 23882410WCI 12NMONB  00028 S-38 263 1063903522*1 48988

3 23882410WCI 12NMONB  00028 S-78 263 1203903522*1 48988

4 23927510WCI 12NMONB  00028 S-195 23 60 353 953905118*1 48993

4 23740110WVA 11NDOMB  00625 22 255 351 2903895787*1 48996

4 23715510WCI 10NDOMB  01462 03 200 801 2803890218*3 48999

1 23814610WCI 11NMONB  00028 S-217 03 65 434 1083900745*2 49009

1 23814610WCI 11NMONB  00028 S346 03 80 904 1703900745*2 49009

23719110WCI 11NDOMB  01552 34 230 102403893118 49011

4 23859410WVA 12NDOMB  00193 274 983902733*4 49014

4 23755010WVA 11NDOMB  00459 15 396 3047003897277*1 49021

4 23755010WVA 11NDOMB  00650 15 290 2004903897277*1 49021

2 23716010WVA 10NDOMB  00331 10 40 201 603889003*3 49025

23719110WVA 11NDOMB  00463 27 80 601403893487*3 49029

23715110WCI 11NDOMB  01564 34 130 2103403892775 49036

4 23721210WCI 10NIRRB  00014 15 1103887710*1 49040

3 23882410WCI 12NMONB  00028 EXPL-S5 261 1153903722*1 49040

3 23882410WCI 12NMONB  00028 EXPL-S6 261 1153903722*1 49040

3 23882410WCI 12NMONB  00028 S-18 26 50 801 1303903722*1 49040

3 23882410WCI 12NMONB  00028 S-19 26 50 801 1303903722*1 49040

3 23882410WCI 12NMONB  00028 S-20 26 50 801 1303903722*1 49040

3 23882410WCI 12NMONB  00028 S-77 261 1053903722*1 49040

3 23882410WCI 12NMONB  00028 S-91 261 1863903722*1 49040

3 23882410WCI 12NMONB  00028 S-92 261 1103903722*1 49040

3 23882410WCI 12NMONB  00028 S-93 261 853903722*1 49040

4 23716210WVA 10NDOMB  00179 10 30 261 563888598*3 49040

23825710WVA 12NDOMB  00122 34 78 1652433901437*4 49045

23735210WVA 10NDOMB  00133 22 320 924123885906* 49049

23735210WVA 10NDOMB  00541 22 130 802103885906* 49049

23735210WCI 10NDOMB  01182 22 65 1552203885906* 49049

4 23859410WCI 12NMONB  00028 S-390 27 60 302 903902933*4 49062

4 23859410WCI 12NMONB  00028 S-392 27 79 2282 3073902933*4 49062

2 23708210WCI 10NDOMB  01421 03 280 1601 44038906943 49068
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23708910WVA 11NDOMB  00224 34 194 1563503891852*3 49071

23708910WVA 11NDOMB  00297 34 235 703053891852*3 49071

23708910WVA 11NDOMB  00439 34 150 1452953891852*3 49071

3 23815510WCI 12NMONB  00028 S-330 34 74 2164 2903901135*4 49081

1 23883710WCI 12NMONB  00028 S-100 263 453903924*1 49081

1 23883710WCI 12NMONB  00028 S-16 26 50 203 703903924*1 49081

1 23883710WCI 12NMONB  00028 S-17 26 50 303 803903924*1 49081

1 23883710WCI 12NMONB  00028 S-382 26 115 453 1603903924*1 49081

1 23883710WCI 12NMONB  00028 S-384 26 150 333 1833903924*1 49081

23706610WVA 10NDOMB  00926 03 230 1003303891101*1 49084

1 23906010WCI 12NMONB  00028 S-196 23 65 274 923904728*3 49087

2 23777610WCI 10NDOMB  01345 34 80 401 1203882530*4 49087

2 23860810WCI 12NMONB  00028 S-30 27 65 284 933903135*4 49099

2 23860810WCI 12NMONB  00028 S-69 274 953903135*4 49099

2 23860810WCI 12NMONB  00028 S-70 274 853903135*4 49099

1 23730610WCI 11NDOMB  01725 POD1 22 140 1404 28038959811 49111

23729510WVA 11NDOMB  00325 22 163 271903895898*1 49113

23729510WVA 11NDOMB  00341 22 40 1602003895898*1 49113

23729510WVA 11NDOMB  00344 22 140 802203895898*1 49113

23729510WVA 11NSANB  00349 22 75 1101853895898*1 49113

23729510WVA 11NDOMB  00350 22 95 1352303895898*1 49113

23704910WVA 10NDOMB  00254 10 60 801403889523*1 49119

2 23838410WVA 12NDOMB  00146 34 90 1623 2523902330*2 49122

3 23815510WCI 12NDOMB  01449 34 40 1202 1603901335*4 49123

3 23704710WCI 11NDCNB  01539 344 25038924221 49127

3 23704710WCI 11NDCNB  01539 POD1 344 25038924221 49127

4 23702810WCI 10NDOMB  00688 POD2 034 38038900671 49129

1 23710710WCI 11NDOMB  01475 27 80 602 1403893789*3 49130

4 23744910WVA 11NDOMB  00684 15 210 3501 5603897376*1 49134

4 23711110WCI 10NDOMB  01354 151 2003887809*1 49134

2 23860810WCI 12NMONB  00028 EXP-15 272 953903335*4 49149

2 23860810WCI 12NMONB  00028 EXP-17 272 1103903335*4 49149
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2 23860810WCI 12NMONB  00028 EXP-18 272 1103903335*4 49149

2 23860810WCI 12NMONB  00028 S-290 272 953903335*4 49149

2 23860810WCI 12NMONB  00028 S-291 272 1103903335*4 49149

2 23860810WCI 12NMONB  00028 S-292 272 1103903335*4 49149

2 23860810WCI 12NMONB  00028 S-31 272 943903335*4 49149

1 23701310WCI 11NDOMB  01300 34 260 1902 4503892159*3 49154

3 23716710WCI 11NDOMB  01674 22 86 1212 20738949673 49154

4 23776510WVA 10NDOMB  00880 34 83 321 1153882119*4 49170

3 23793810WCI 11NMONB  00028 S-215 031 2063900542*2 49173

1 23697610WCI 10NDOMB  01456 03 240 804 3203891183*1 49175

3 23884910WCI 12NMONB  00028 -TH-4 233 3053904326*3 49178

1 23698010WCI 11NDOMB  01672 34 140 604 20038919353 49182

3 23701610WCI 12NSTKB  01760 POD1 30 140 853 22538930924 49184

1 23696810WCI 11NDOMB  01721 POD1 34 160 1852 34538922563 49202

1 23816310WCI 12NMONB  00028 S-329 34 113 8652 9783901738*4 49203

1 23816310WCI 12NINDB  00087 342 9783901738*4 49203

1 23816310WCI 12NIRRB  00087 342 9783901738*4 49203

1 23794610WCI 11NMONB  00028 S-216 03 68 273 953900745*2 49205

4 23776510WVA 10NDOMB  00762 34 140 1203 2603881919*4 49205

4 23839410WCI 12NIRRB  00005 M-S-3 27 47 1093 1563902733*4 49208

4 23839410WCI 12NMONB  00028 J10 27 45 213 663902733*4 49208

4 23839410WCI 12NMONB  00028 S-389 273 3253902733*4 49208

4 23839410WCI 12NMONB  00028 S-391 27 47 1093 1563902733*4 49208

1 23720910WVA 11NDOMB  00665 22 90 1274 2173895994*1 49209

1 23696410WVA 11NDOMB  00491 34 160 602203892878*1 49227

1 23720910WVA 11NDOMB  00499 22 125 992 2243896194*1 49230

23782210WVA 11NDOMB  00358 03 130 702003900273* 49234

23782210WVA 11NDOMB  00359 03 70 1302003900273* 49234

23782210WVA 11NDOMB  00384 03 170 302003900273* 49234

3 23693910WCI 11NDOMB  01299 34 112 2683803892469*1 49237

4 23862110WCI 12NMONB  00028 S-27 27 55 552 1103903737*2 49240

4 23862110WCI 12NMONB  00028 S-28 27 35 592 943903737*2 49240
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4 23862110WCI 12NMONB  00028 S-84 272 1003903737*2 49240

4 23862110WCI 12NMONB  00028 S-85 272 1103903737*2 49240

4 23862110WCI 12NMONB  00028 S-86 272 1053903737*2 49240

4 23862110WCI 12NMONB  00028 S-87 272 1043903737*2 49240

4 23862110WCI 12NMONB  00028 S-88 27 60 262 863903737*2 49240

4 23862110WCI 12NMONB  00028 S-89 272 683903737*2 49240

4 23840710WCI 12NDOMB  00275 27 50 5501 60039029314 49243

4 23840710WCI 12NDOMB  00275 POD2 27 35 7051 74039029314 49243

23735010WCI 11NDOMB  00921 15 365 1405053897489*1 49247

23736810WCI 11NDOMB  01611 15 400 8048038976621 49253

3 23688810WVA 11NDOMB  00425 34 255 803353891651*3 49268

2 25734408WMK 15NMRG MONRG 35275 S 34 150 137415243930841*1 49271

1 23687710WCI 10NDOMB  01124 03 285 803653891284*1 49275

1 23747310WCI 10NDOLB  01789 POD1 34 160 903 25038832082 49276

2 23863510WCI 12NMONB  00028 O-3 27 40 454 853903938*2 49280

2 23863510WCI 12NMONB  00028 S-29 27 65 304 953903938*2 49280

2 23739406ETO 05NDOME  05806 POD1 30 40 4651 50538981034 49290

2 23840810WCI 12NMONB  00028 -S-58 27 50 303 803903135*4 49293

2 23840810WCI 12NMONB  00028 -S-59 27 50 403 903903135*4 49293

2 23840810WCI 12NMONB  00028 S-68 27 60 153 753903135*4 49293

1 23692710WCI 10NDOMB  01478 15 50 802 1303888216*1 49294

3 23688910WVA 11NDOMB  00174 27 1133 3893185*3 49315

1 23739510WCI 10NDOMB  01447 34 190 301 2203883363*2 49329

1 23739510WCI 10NB  01482 34 80 601 1403883363*2 49329

1 23739510WCI 10NB  01500 341 1003883363*2 49329

1 23690710WMK 11NDOMB  00107 27 85 501 1353893789*3 49329

1 23690710WCI 11NDOMB  01390 27 120 671 1873893789*3 49329

2 23863510WVA 12NDOMB  00101 27 50 1102 1603904138*2 49333

2 33539901EDA 22SIRRLRG01873 A 25 140 17031038879142 49337

2 33539901EDA 22SMOBLRG01873 A 25 140 17031038879142 49337

2 23840810WCI 12NMONB  00028 EXP-19 27 61 591 1203903335*4 49343

2 23840810WCI 12NMONB  00028 S-293 27 61 591 1203903335*4 49343
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1 33331101EBE 09NMRG SANRG 11875 POD1 10 795 505130038763544 49343

1 33331101EBE 09NMRG SANRG 11875 POD2 10 781 519130038763544 49343

3 23690010WCI 10NDOMB  01387 15 120 802 2003887822*1 49344

1 23685910WCI 11NDOMB  00078 27 110 2513538931603 49344

3 23696110WVA 11NDOMB  00079 22 160 413 2013894801*3 49346

3 23696110WCI 11NDOMB  00079 X 22 150 533 2033894801*3 49346

3 23696110WCI 11NIRRB  01566 223 3894801*3 49346

3 23678710WVA 11NDOMB  00791 343 4053891550*3 49368

1 23818110WCI 12NIRRB  00004 34 82 1432 2253902545*2 49370

3 23683010WVA 11NDOMB  00142 28 15 11913438931294 49372

4 23773610WCI 11NMONB  00028 S-214 03 68 272 953900555*1 49373

4 23842110WCI 12NMONB  00028 EXP-20 273 1203903537*2 49382

4 23842110WCI 12NMONB  00028 K6 27 45 133 583903537*2 49382

4 23842110WCI 12NMONB  00028 S-234 27 51 693 1203903537*2 49382

4 23842110WCI 12NMONB  00028 S-32 273 1203903537*2 49382

4 23726313WCI 09NSTKG  02746 POD1 18 260 1401 40038978601 49384

23829110WVA 12NDOMB  00110 27 155 251803903050*4 49385

23829110WVA 12NDOMB  00149 27 90 1902803903050*4 49385

23829110WVA 12NDOMB  00220 27 90 1972873903050*4 49385

3 23682910WCI 10NDOMB  01784 POD1 04 113 142 12738934372 49388

2 33545901EDA 22SMOBLRG01873 25 150 11626638878222 49402

4 23705110WCI 10NDOMB  01367 22 80 1601 2403885388*3 49404

2 23774510WCI 11NMONB  00028 S-213 03 61 334 943900758*1 49405

1 23700910WVA 11NSANB  00776 22 110 743 1843895994*1 49407

1 23700910WCI 11NDOMB  01307 22 68 923 1603895994*1 49407

1 23700910WCI 11NDOMG  00326 22 68 923 1603895994*1 49407

23694910WVA 10NDOMB  00757 22 80 2002803886320*1 49411

1 26608807WMK 15NSTKRG 43464 094 40039360244 49412

4 23842110WCI 12NMONB  00028 S-235 27 53 671 1203903737*2 49433

4 23842110WCI 12NMONB  00028 S-236 27 52 181 703903737*2 49433

2 23843510WCI 12NMONB  00028 O-4 27 40 453 853903938*2 49473

23695010WVA 10NDOMB  00162 22 155 51603885504*3 49491
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(In feet)

(quarters are 1=NW 2=NE 3=SW 4=SE)

(NAD83 UTM in meters)(quarters are smallest to largest)

64

Sub

basin  XCounty
Water

Column

Q

Y
Depth
WaterPOD Number 416

Q

RngUse TwsSec
Depth

Well

Q

Distance

23695010WCI 10NDOMB  00825 22 60 1802403885504*3 49491

1 23820410WCI 12NMONB  00028 -S-60 27 50 504 1003903150*4 49494

1 23820410WCI 12NMONB  00028 -S-61 27 50 554 1053903150*4 49494

1 23820410WCI 12NMONB  00028 -S-62 27 50 554 1053903150*4 49494

1 23820410WCI 12NMONB  00028 -S-63 27 50 604 1103903150*4 49494

1 23668210WCI 10NDOMB  01709 POD1 10 60 403 10038888003 49511

4 23669010WVA 11NDOMB  00332 28 155 374 1923893199*4 49515

1 23798110WCI 12NMONB  00028 POD395 343 8039023452 49517

2 23670810WCI 11NMOBB  00106 28 112 534 1653893602*4 49517

4 23669010WCI 11NDOMB  01516 28 180 202 2003893399*4 49525

2 23719310WCI 10NDOMB  01380 34 95 702 1653883375*1 49527

2 33510801EBE 10NEXPRG 85442 23 898 672157038833723 49528

2 23670810WVA 11NDOMB  00126 28 35 3752 4103893802*4 49529

3 23670010WCI 10NDOMB  01562 15 40 1051 1453887822*1 49544

1 23820410WCI 12NMONB  00028 S-193 27 71 462 1173903350*4 49544

1 23820410WCI 12NMONB  00028 S-194 27 62 402 1023903350*4 49544

1 23688910WCI 10NDOMB  01756 POD1 224 30038855623 49546

23668710WCI 11NDOMB  01546 POD1 28 82 8316538937404 49546

23804810WCI 12NDOMB  00203 27 65 43550039027774 49554

4 23660010WCI 11NSANB  01450 33 295 754 3703891560*4 49555

3 23670010WCI 10NDOMB  01396 15 10 553 653887622*1 49556

3 23674810WCI 10NDOMB  01440 15 80 2853653886935*3 49558

4 23753610WCI 11NMONB  00028 S-211 03 70 301 1003900555*1 49570

3 23687110WCI 10NDOLB  01781 POD1 222 20038854283 49578

3 23821910WCI 12NMONB  00028 S-191 27 65 594 1243903551*2 49580

3 23821910WCI 12NMONB  00028 S-192 27 68 494 1173903551*2 49580

2 23754510WCI 11NMONB  00028 S-212 03 76 343 1103900758*1 49601

3 23731810WCI 11NMONB  00028 S-344 03 89 164 1053899569*3 49601

3 23684810WCI 10NDOMB  00610 222 2503885402*3 49604

3 23684810WCI 10NDOMB  01269 22 62 1632 2253885402*3 49604

3 23684810WCI 10NDOMB  01392 22 100 1202 2203885402*3 49604

3 23684810WCI 10NDOMB  01514 22 30 1552 1853885402*3 49604
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(In feet)

(quarters are 1=NW 2=NE 3=SW 4=SE)

(NAD83 UTM in meters)(quarters are smallest to largest)
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Sub
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Water

Column

Q

Y
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WaterPOD Number 416

Q
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Q

Distance

1 23667410WCI 10NDOMB  01529 15 90 2953 3853887228*3 49610

236823CIDOMB  01641 100 1202203885567 49611

4 23659110WVA 11NDOMB  00471 28 127 762033893300*4 49618

2 23660910WVA 11NDOMB  00475 28 94 371313893703*4 49622

2 23660910WCI 11NDOMB  01209 28 75 601353893703*4 49622

4 23662710WVA 11NDOMB  00183 28 80 301103894106*2 49629

4 23776910WCI 12NMONB  00028 POD396 344 8039019551 49635

4 23776910WCI 12NMONB  00028 POD397 344 7039019551 49635

4 23682410WVA 11NSANB  00474 16 100 404 1403896402*4 49635

33485901EBE 10NRG 81297 26 874 34412183881306 49638

33524501EBE 10NDOMRG 38384 23 403883457* 49650

3 23798910WCI 12NIRRB  00005 271 5303902948*4 49653

2 23658510WCI 11NDOMB  01649 28 85 1201 20538938284 49653

322649MRG MUNRG 91265 POD76 100003924541 49659

1 23720710WCI 11NMOBB  00072 S 10 90 1602503899273*1 49659

1 23823310WCI 12NMONB  00028 S-237 27 56 294 853903952*2 49671

1 23823310WCI 12NMONB  00028 S-238 27 70 324 1023903952*2 49671

1 23823310WCI 12NMONB  00028 S-239 27 70 184 883903952*2 49671

1 23823310WCI 12NMONB  00028 S-240 27 75 154 903903952*2 49671

2 23717410WCI 10NDOMB  01040 34 98 472 1453882554*3 49677

2 23717410WCI 10NDOMB  01105 34 75 302 1053882554*3 49677

1 33473601EDA 23SIRRLRG00449 13 10538805004 49679

236723MONB  01766 POD2 75 10853895917 49684

2 23653410WCI 10NSANB  00969 16 20 612 813888216*2 49687

236710MONB  01766 POD1 100 151153895880 49693

2 23717410WCI 10NDOMB  01547 344 2003882354*3 49710

2 23717410WCI 10NDOMB  01548 34 70 1154 1853882354*3 49710

335816MRG MUNRG 91267 POD5 100003888699 49713

4 23649010WVA 11NDOMB  00710 28 140 603 2003893199*4 49715

2 23777710WVA 12NDOMB  00156 34 240 404 2803902359*1 49719

1 23823310WCI 12NMONB  00028 S-241 27 65 272 923904152*2 49724

1 23823310WCI 12NMONB  00028 S-242 27 70 202 903904152*2 49724
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2 23650810WCI 11NDOMB  01183 28 60 1251 1853893802*4 49728

2 23650810WCI 11NDOMB  01184 28 72 1031 1753893802*4 49728

2 23650810WCI 11NDOMB  01245 28 58 921 1503893802*4 49728

2 23650810WCI 11NDOMB  01329 28 130 401 1703893802*4 49728

1 23800410WCI 12NMONB  00028 -S-64 27 50 601 1103903350*4 49738

1 23800410WCI 12NMONB  00028 -S-65 27 50 601 1103903350*4 49738

1 23800410WCI 12NMONB  00028 -S-66 27 50 601 1103903350*4 49738

1 23800410WCI 12NMONB  00028 S357 27 75 371 1123903350*4 49738

2 23649610WCI 11NDOMB  01654 281 25038938454 49743

2 23639910WCI 10NMULB  01700 POD1 04 366 891 45538912732 49753

323862MRG MUNRG 91265 POD74 100003923329 49758

1 23664810WCI 10NDOMB  00966 22 70 1851 2553885810*3 49760

3 23801910WCI 12NMONB  00028 -S-67 27 50 103 603903551*2 49774

3 23801910WCI 12NMONB  00028 EXPL-MK 273 573903551*2 49774

3 23801910WCI 12NMONB  00028 S-173 273 833903551*2 49774

3 23801910WCI 12NMONB  00028 S-174 273 833903551*2 49774

3 23801910WCI 12NMONB  00028 S-244 27 67 313 983903551*2 49774

1 23710610WCI 11NMOBB  00072 101 2163899372*1 49776

2 23643510WVA 10NDOMB  00095 16 3603888117*2 49791

4 23659210WVA 11NCOMB  00022 21 69 1311 2003895807*2 49803

4 23659210WVA 11NINDB  00022 21 69 1311 2003895807*2 49803

4 23659210WVA 11NIRRB  00022 21 69 1311 2003895807*2 49803

4 23659210WVA 11NMUNB  00022 21 69 1311 2003895807*2 49803

2 23660810WVA 11NINDB  00021 213 1703896005*2 49807

2 23660810WVA 11NIRRB  00021 213 1703896005*2 49807

2 23660810WVA 11NMUNB  00021 213 1703896005*2 49807

334141SADOMRG 70045 160 1282883904207 49810

3 23801910WCI 12NMONB  00028 S-175 271 1033903751*2 49825

3 23801910WCI 12NMONB  00028 S-176 27 72 161 883903751*2 49825

3 23801910WCI 12NMONB  00028 S-179 271 923903751*2 49825

23639410WVA 11NDOMB  00267 28 127 371643893514*4 49826

23639410WVA 11NDOMB  00314 28 80 301103893514*4 49826
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23639410WVA 11NDOMB  00314 POD1 28 80 301103893514*4 49826

23639410WVA 11NDOMB  00379 28 83 821653893514*4 49826

23639410WCI 11NDOMB  01196 28 90 951853893514*4 49826

2 23660810WVA 11NINDB  00024 211 1443896205*2 49828

2 23660810WVA 11NIRRB  00024 211 1443896205*2 49828

2 23660810WVA 11NMUNB  00024 211 1443896205*2 49828

23745510WVA 12NDOMB  00170 34 60 601203901463*3 49834

23642810WCI 11NDOMB  00957 28 80 601403894318*2 49841

236671CIDOMB  01586 80 1402203896944 49851

1 23803310WCI 12NMONB  00028 EXPL-MM 273 633903952*2 49864

1 23803310WCI 12NMONB  00028 EXPL-MW 27 71 143 853903952*2 49864

1 23803310WCI 12NMONB  00028 S-178 27 65 113 763903952*2 49864

2 23645710WVA 10NDOMB  00080 21 34 662 1003886627*2 49874

2 23675111WCI 12NDOMB  01465 POD2 26 110 2421 35238978193 49885

2 23675110WCI 11NDOMB  01746 POD1 16 142 781 22038978192 49885

23788310WVA 12NDOMB  00155 27 54 861403903482* 49888

23788310WVA 12NDOMB  00178 27 55 551103903482* 49888

23788310WVA 12NDOMB  00225 27 90 1652553903482* 49888

23788310WVA 12NDOMB  00702 27 55 451003903482* 49888

2 23780010WCI 12NMONB  00028 EXP-14 274 903903164*3 49889

2 23780010WVA 12NDOMB  00602 27 60 604 1203903164*3 49889

4 23689210WCI 11NDOMB  01122 09 160 404 2003898789*2 49891

1 23712610WCI 11NMONB  00028 S-209 031 1103900169*3 49898

4 23664610WCI 11NDOMB  01290 16 60 863 1463897198*2 49907

4 23664610WCI 11NDOMB  01290 X 163 1803897198*2 49907

23680610WCI 10NDOMB  01621 34 1803883360 49912

23680610WCI 10NDOMB  01621 POD1 24 30 2602903883360 49912

3 27165406WMK 16NSTKRG 43478 312 50039386403 49923

4 23732310WCA 04NMRG DOMRG 89639 POD1 29 90 3504 44039012822 49926

3 23713510WCI 11NMONB  00028 S-210 033 1183900368*1 49927

4 23768510WVA 12NDOMB  00838 27 55 451003902864*3 49927

2 23690410WVA 11NDOMB  00276 09 91 1994 2903899186*2 49943
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2 33610001EBE 11NSTKRG 00435 264 9833891175*4 49950

236599MONB  01528 POD45 1203897191 49953

236599MONB  01528 POD46 1023897191 49953

236599MONB  01528 POD47 1203897191 49953

236599MONB  01528 POD48 1303897191 49953

236599MONB  01528 POD49 813897191 49953

236599MONB  01528 POD50 613897191 49953

236599MONB  01528 POD51 603897191 49953

236599MONB  01528 POD52 1163897191 49953

4 23659910WCI 11NMONB  01528 POD55 162 11038971913 49953

3 23713510WCI 11NMONB  00028 S-345 03 67 1631 2303900568*1 49965

3 23670010WCI 10NIRRB  00010 27 1653883698*3 49967

23652410WVA 11NDOMB  00327 16 3896715*4 49969

2 23690410WVA 11NDOMB  00116 09 110 1002 2103899386*2 49977

3 23622610WCI 11NDOMB  00314 POD2 28 60 704 13038931924 49978

2 24158410WMK 13NSTKB  01486 25 280 1803 4603913491*2 49979

3 23725410WCI 12NDOMB  00510 34 97 4014983901262*3 49988

0

3183Maximum Depth:

Minimum Depth:

128 Average Depth to Water:

Record Count: 1,582

UTMNAD83 Radius Search (in meters):

Easting (X): Northing (Y): Radius:3890868 50000286150.3644

 feet

 feet

 feet

WATER COLUMN/ AVERAGE
DEPTH TO WATER

4/16/10 1:48 PM

The data is furnished by the NMOSE/ISC and is accepted by the recipient with the expressed understanding that the OSE/ISC make no warranties,
expressed or implied, concerning the accuracy, completeness, reliability, usability, or suitability for any particular purpose of the data.
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Target Property:

Prepared For:

Water Well Report

SR 279
Paugate, Cibola County, New Mexico 87014

Jackpile - Paguate Uranium Mine

Weston Solutions-Dallas

Job #: 16574
Order #: 7128

Date: 04/14/2010

http://www.geo-search.net/QuickMap/index.htm?DataID=Standard0000016574
Click on link above to access the map and satellite view of current property

Project #: 20406.016.019.0514.01

2705 Bee Caves Rd, Suite 330 · Austin, Texas 78746 · phone: 888-396-0042 · fax: 512-472-9967 · www.geo-search.net

Ge(j)Search 
On time. On target. In touch:" 



TARGET PROPERTY SUMMARY

SR 279
Paugate, Cibola County, New Mexico 87014

Jackpile - Paguate Uranium Mine

*Target property is located in Radon Zone 2.
Zone 2 areas have a predicted average indoor radon screening level between 2 and 4 pCi/L.

County/Parish Covered:

Zipcode(s) Covered:

State(s) Covered:

Cibola (NM)

Cubero NM: 87014

NM

Target Property Geometry:Point

Target Property Longitude(s)/Latitude(s):
(-107.347733, 35.137983)

USGS Quadrangle: Moquino, NM

Disclaimer - The information provided in this report was obtained from a variety of public sources.  GeoSearch cannot ensure and makes no
warranty or representation as to the accuracy, reliability, quality, errors occurring from data conversion or the customer’s interpretation of
this report.  This report was made by GeoSearch for exclusive use by its clients only.  Therefore, this report may not contain sufficient
information for other purposes or parties.  GeoSearch and its partners, employees, officers And independent contractors cannot be held
liable For actual, incidental, consequential, special or exemplary damages suffered by a customer resulting directly or indirectly from any
information provided by GeoSearch.

2705 Bee Caves Rd, Suite 330 · Austin, Texas 78746 · phone: 888-396-0042 · fax: 512-472-9967I GefN$earch 



DATABASE FINDINGS SUMMARY (SOURCE)

DATABASE ACRONYM
LOCA-
TABLE

SEARCH
RADIUS
(miles)

UNLOCA-
TABLE

FEDERAL

NWIS    0 4.0000UNITED STATES GEOLOGICAL SURVEY NATIONAL WATER
INFORMATION SYSTEM

   0

0SUB-TOTAL 0

STATE (NM)

WATERS   11 4.0000WATER ADMINISTRATION TECHNICAL ENGINEERING RESOURCE
SYSTEM

   0

11SUB-TOTAL 0

2705 Bee Caves Rd, Suite 330 · Austin, Texas 78746 · phone: 888-396-0042 · fax: 512-472-9967

FINDINGS 1

11TOTAL 0

I GefN$earch 



DATABASE FINDINGS SUMMARY (DETAIL)

ACRONYM

SEARCH
RADIUS
(miles)

Target
Property

1/8 Mile
(> TP)

1/4 Mile
(> 1/8)

1/2 Mile
(> 1/4)

1 Mile
(> 1/2) > 1 Mile Total

FEDERAL

NWIS 4.000     0     0     0     0     0        0

0SUB-TOTAL      0 0 0 0 0

STATE (NM)

WATERS 4.000     0     0     0     0    11       11

11SUB-TOTAL      0 0 0 0 11

2705 Bee Caves Rd, Suite 330 · Austin, Texas 78746 · phone: 888-396-0042 · fax: 512-472-9967

FINDINGS 1

TOTAL 11     0 0 0 0 11

I GefN$earch 



2705 Bee Caves Rd, Suite 330 - Austin, Texas 78746 - phone: 866-396-0042 - fax: 512-472-9967

WATER WELL MAP

CONTOUR LINES REPRESENTED IN FEET

1/2 Mile

2 Miles

1 Mile

1/4 Mile

4 Miles

3 Miles8

10

1

119

7

6

2

4

53

JOB #: 16574  -  4/14/2010

Jackpile -Paguate Uranium Mine
SR 279

Paugate, New Mexico
87014 

0' 3500' 7000' 10500'

SCALE: 1" = 7000'

Target Property (TP)
WATERS

I Ge'NSearch 



REPORT SUMMARY OF LOCATABLE SITES

MAP
ID#

DATABASE
NAME SITE ID# SITE NAME ADDRESS CITY, ZIP CODE

PAGE
#

DISTANCE
FROM SITE

1 2.492 NRG 75271 PATSY Q BACA 1WATERS

2 2.627 NERG 51334 POD9  NM ENVIRONMENT
DEPARTMENT

2WATERS

3 2.871 NERG 89410 POD2  UNITED NUCLEAR
CORPORATION

3WATERS

4 2.926 NERG 27627  TWO RIVERS RANCH INC. 4WATERS

5 3.031 NERG 89410 POD1  UNITED NUCLEAR
CORPORATION

5WATERS

6 3.356 NRG 27627 A-S-6 JOHN DILTS 6WATERS

7 3.575 NRG 27627 S  TWO RIVERS RANCH INC. 7WATERS

8 3.641 NWRG 38074  CIBOLA COUNTY 8WATERS

9 3.852 NRG 27627 S-3  TWO RIVERS RANCH INC. 9WATERS

10 3.864 NWRG 31125 LEOPOLDO MARQUEZ 10WATERS

11 3.962 NRG 27627 S-2  TWO RIVERS RANCH INC. 11WATERS

2705 Bee Caves Rd, Suite 330 · Austin, Texas 78746 · phone: 888-396-0042 · fax: 512-472-9967

SUMMARY 1

I GefN$earch 



WATER ADMINISTRATION TECHNICAL ENGINEERING RESOURCE SYSTEM (WATERS)

WELL #:
OWNER'S NAME:
DATE DRILLED:
DEPTH DRILLED:

STATIC LEVEL:
WATER USAGE:

LONGITUDE:

RG 75271
PATSY Q BACA
NOT REPORTED
300 FT.

0 FT.
72-12-1 DOMESTIC ONE HOUSEHOLD
 -107.3584

LATITUDE: 35.1730

DATE PLUGGED:   /  /

MAP ID# 1 Distance from Property: 2.49 mi. N

2705 Bee Caves Rd, Suite 330 · Austin, Texas 78746 · phone: 888-396-0042 · fax: 512-472-9967

   1
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WATER ADMINISTRATION TECHNICAL ENGINEERING RESOURCE SYSTEM (WATERS)

WELL #:
OWNER'S NAME:
DATE DRILLED:
DEPTH DRILLED:

STATIC LEVEL:
WATER USAGE:

LONGITUDE:

RG 51334 POD9
 NM ENVIRONMENT DEPARTMENT
NOT REPORTED
450 FT.

0 FT.
MONITORING WELL
 -107.3227

LATITUDE: 35.1700

DATE PLUGGED:   /  /

MAP ID# 2 Distance from Property: 2.63 mi. NE

2705 Bee Caves Rd, Suite 330 · Austin, Texas 78746 · phone: 888-396-0042 · fax: 512-472-9967

   2
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WATER ADMINISTRATION TECHNICAL ENGINEERING RESOURCE SYSTEM (WATERS)

WELL #:
OWNER'S NAME:
DATE DRILLED:
DEPTH DRILLED:

STATIC LEVEL:
WATER USAGE:

LONGITUDE:

RG 89410 POD2
 UNITED NUCLEAR CORPORATION
NOT REPORTED
0 FT.

300 FT.
MONITORING WELL
 -107.3122

LATITUDE: 35.1677

DATE PLUGGED:   /  /

MAP ID# 3 Distance from Property: 2.87 mi. NE

2705 Bee Caves Rd, Suite 330 · Austin, Texas 78746 · phone: 888-396-0042 · fax: 512-472-9967

   3
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WATER ADMINISTRATION TECHNICAL ENGINEERING RESOURCE SYSTEM (WATERS)

WELL #:
OWNER'S NAME:
DATE DRILLED:
DEPTH DRILLED:

STATIC LEVEL:
WATER USAGE:

LONGITUDE:

RG 27627
 TWO RIVERS RANCH INC.
12/31/1970
390 FT.

158 FT.
MINING OR MILLING OR OIL
 -107.3183

LATITUDE: 35.1729

DATE PLUGGED:   /  /

MAP ID# 4 Distance from Property: 2.93 mi. NE

2705 Bee Caves Rd, Suite 330 · Austin, Texas 78746 · phone: 888-396-0042 · fax: 512-472-9967

   4
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WATER ADMINISTRATION TECHNICAL ENGINEERING RESOURCE SYSTEM (WATERS)

WELL #:
OWNER'S NAME:
DATE DRILLED:
DEPTH DRILLED:

STATIC LEVEL:
WATER USAGE:

LONGITUDE:

RG 89410 POD1
 UNITED NUCLEAR CORPORATION
NOT REPORTED
220 FT.

0 FT.
MONITORING WELL
 -107.3079

LATITUDE: 35.1674

DATE PLUGGED:   /  /

MAP ID# 5 Distance from Property: 3.03 mi. NE

2705 Bee Caves Rd, Suite 330 · Austin, Texas 78746 · phone: 888-396-0042 · fax: 512-472-9967

   5
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WATER ADMINISTRATION TECHNICAL ENGINEERING RESOURCE SYSTEM (WATERS)

WELL #:
OWNER'S NAME:
DATE DRILLED:
DEPTH DRILLED:

STATIC LEVEL:
WATER USAGE:

LONGITUDE:

RG 27627 A-S-6
JOHN DILTS
02/28/1975
1660 FT.

245 FT.
MINING OR MILLING OR OIL
 -107.3307

LATITUDE: 35.1845

DATE PLUGGED:   /  /

MAP ID# 6 Distance from Property: 3.36 mi. N

2705 Bee Caves Rd, Suite 330 · Austin, Texas 78746 · phone: 888-396-0042 · fax: 512-472-9967
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WATER ADMINISTRATION TECHNICAL ENGINEERING RESOURCE SYSTEM (WATERS)

WELL #:
OWNER'S NAME:
DATE DRILLED:
DEPTH DRILLED:

STATIC LEVEL:
WATER USAGE:

LONGITUDE:

RG 27627 S
 TWO RIVERS RANCH INC.
07/31/1974
510 FT.

212 FT.
MINING OR MILLING OR OIL
 -107.3263

LATITUDE: 35.1867

DATE PLUGGED:   /  /

MAP ID# 7 Distance from Property: 3.57 mi. N

2705 Bee Caves Rd, Suite 330 · Austin, Texas 78746 · phone: 888-396-0042 · fax: 512-472-9967
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WATER ADMINISTRATION TECHNICAL ENGINEERING RESOURCE SYSTEM (WATERS)

WELL #:
OWNER'S NAME:
DATE DRILLED:
DEPTH DRILLED:

STATIC LEVEL:
WATER USAGE:

LONGITUDE:

RG 38074
 CIBOLA COUNTY
06/26/1982
625 FT.

160 FT.
72-12-1 SANITARY IN CONJUNCTION WITH A COMMERCIAL USE
 -107.3822

LATITUDE: 35.1825

DATE PLUGGED:   /  /

MAP ID# 8 Distance from Property: 3.64 mi. NW

2705 Bee Caves Rd, Suite 330 · Austin, Texas 78746 · phone: 888-396-0042 · fax: 512-472-9967
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WATER ADMINISTRATION TECHNICAL ENGINEERING RESOURCE SYSTEM (WATERS)

WELL #:
OWNER'S NAME:
DATE DRILLED:
DEPTH DRILLED:

STATIC LEVEL:
WATER USAGE:

LONGITUDE:

RG 27627 S-3
 TWO RIVERS RANCH INC.
10/31/1971
535 FT.

205 FT.
MINING OR MILLING OR OIL
 -107.3247

LATITUDE: 35.1905

DATE PLUGGED:   /  /

MAP ID# 9 Distance from Property: 3.85 mi. N

2705 Bee Caves Rd, Suite 330 · Austin, Texas 78746 · phone: 888-396-0042 · fax: 512-472-9967
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WATER ADMINISTRATION TECHNICAL ENGINEERING RESOURCE SYSTEM (WATERS)

WELL #:
OWNER'S NAME:
DATE DRILLED:
DEPTH DRILLED:

STATIC LEVEL:
WATER USAGE:

LONGITUDE:

RG 31125
LEOPOLDO MARQUEZ
09/08/1978
320 FT.

78 FT.
72-12-1 DOMESTIC ONE HOUSEHOLD
 -107.3976

LATITUDE: 35.1763

DATE PLUGGED:   /  /

MAP ID# 10 Distance from Property: 3.86 mi. NW

2705 Bee Caves Rd, Suite 330 · Austin, Texas 78746 · phone: 888-396-0042 · fax: 512-472-9967
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WATER ADMINISTRATION TECHNICAL ENGINEERING RESOURCE SYSTEM (WATERS)

WELL #:
OWNER'S NAME:
DATE DRILLED:
DEPTH DRILLED:

STATIC LEVEL:
WATER USAGE:

LONGITUDE:

RG 27627 S-2
 TWO RIVERS RANCH INC.
08/31/1974
535 FT.

257 FT.
MINING OR MILLING OR OIL
 -107.3212

LATITUDE: 35.1911

DATE PLUGGED:   /  /

MAP ID# 11 Distance from Property: 3.96 mi. N

2705 Bee Caves Rd, Suite 330 · Austin, Texas 78746 · phone: 888-396-0042 · fax: 512-472-9967
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ENVIRONMENTAL RECORDS DEFINITIONS - FEDERAL

NWIS United States Geological Survey National Water Information System

The USGS National Water Information System includes water-resources data for approximately 1.5
million sites across the United States from 1857 to present.  The USGS investigates the
occurrence, quantity, quality, distribution, and movement of surface and underground waters and
disseminates the data to the public, State and local governments, public and private utilities, and
other Federal agencies involved with managing our water resources.

VERSION DATE: 3/2010

DEFINITIONS 1
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ENVIRONMENTAL RECORDS DEFINITIONS - STATE (NM)

WATERS Water Administration Technical Engineering Resource System

This water well location data was extracted from the NM Office of the State Engineer’s Water
Administration Technical Engineering Resource System database.  Changes are periodically
added to the information and may be made at any time.  The database may contain information for
areas not complete, including in-progress areas, this information should not be relied on as
accurate or complete.

VERSION DATE: 5/2009

DEFINITIONS 2
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APPROXIMATE SCALE 

FEET 

NATIONAL FLOOD INSURANCE PROGRAM 

flOOD HAZARD BOUNDARY MAP 

CIBOLA COUNTY, 
NEW MEXICO 
(UNINCORPORATED AREAS) 

(SEE MAP INDEX FOR PANELS NOT PRINTED) 

COMMUNITY·PANEl NUMBER 
350145 0300 A 

EFFECTIVE DATE: 
JULY 2, ·1984 

Emergency Management Agency 

This is an official copy of a portion of the above referenced flood map. It 
was extracted using F-MIT On-Line. This map does not reflect changes 
or amendments which may have been made subsequent to the date on the 
title block. For the latest product information about National Flood Insurance 
Program flood maps check the FEMA Flood Map Store at www.msc.fema.gov 
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Definitions of FEMA Flood Zone Designations  
 

Flood zones are geographic areas that the FEMA has defined according to varying levels of flood risk.   These zones are depicted on a 
community's Flood Insurance Rate Map (FIRM) or Flood Hazard Boundary Map.   Each zone reflects the severity or type of flooding in the 
area. 

 

Moderate to Low Risk Areas 

In communities that participate in the NFIP, flood insurance is available to all property owners and renters in these zones: 

ZONE DESCRIPTION 

B and X (shaded) 

Area of moderate flood hazard, usually the area between the limits of the 100-year and 500-year floods. B Zones 
are also used to designate base floodplains of lesser hazards, such as areas protected by levees from 100-year 
flood, or shallow flooding areas with average depths of less than one foot or drainage areas less than 1 square 
mile. 

C and X (unshaded) 
Area of minimal flood hazard, usually depicted on FIRMs as above the 500-year flood level. Zone C may have 
ponding and local drainage problems that don't warrant a detailed study or designation as base floodplain. Zone 
X is the area determined to be outside the 500-year flood and protected by levee from 100-year flood. 

 

High Risk Areas 

In communities that participate in the NFIP, mandatory flood insurance purchase requirements apply to all of these zones: 

ZONE DESCRIPTION 

A 
Areas with a 1% annual chance of flooding and a 26% chance of flooding over the life of a 30-year mortgage. 
Because detailed analyses are not performed for such areas; no depths or base flood elevations are shown 
within these zones. 

AE 
The base floodplain where base flood elevations are provided. AE Zones are now used on new format FIRMs 
instead of A1-A30 Zones. 

A1-30 
These are known as numbered A Zones (e.g., A7 or A14). This is the base floodplain where the FIRM shows a 
BFE (old format). 

AH 
Areas with a 1% annual chance of shallow flooding, usually in the form of a pond, with an average depth ranging 
from 1 to 3 feet. These areas have a 26% chance of flooding over the life of a 30-year mortgage. Base flood 
elevations derived from detailed analyses are shown at selected intervals within these zones. 

AO 

River or stream flood hazard areas, and areas with a 1% or greater chance of shallow flooding each year, usually 
in the form of sheet flow, with an average depth ranging from 1 to 3 feet. These areas have a 26% chance of 
flooding over the life of a 30-year mortgage. Average flood depths derived from detailed analyses are shown 
within these zones. 

AR 

Areas with a temporarily increased flood risk due to the building or restoration of a flood control system (such as 
a levee or a dam). Mandatory flood insurance purchase requirements will apply, but rates will not exceed the 
rates for unnumbered A zones if the structure is built or restored in compliance with Zone AR floodplain 
management regulations. 

A99 
Areas with a 1% annual chance of flooding that will be protected by a Federal flood control system where 
construction has reached specified legal requirements. No depths or base flood elevations are shown within 
these zones. 
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High Risk - Coastal Areas 

In communities that participate in the NFIP, mandatory flood insurance purchase requirements apply to all of these zones: 

ZONE DESCRIPTION 

V 
Coastal areas with a 1% or greater chance of flooding and an additional hazard associated with storm waves. 
These areas have a 26% chance of flooding over the life of a 30-year mortgage. No base flood elevations are 
shown within these zones. 

VE, V1 - 30 
Coastal areas with a 1% or greater chance of flooding and an additional hazard associated with storm waves. 
These areas have a 26% chance of flooding over the life of a 30-year mortgage. Base flood elevations derived 
from detailed analyses are shown at selected intervals within these zones. 

 

Undetermined Risk Areas 

ZONE DESCRIPTION 

D 
Areas with possible but undetermined flood hazards. No flood hazard analysis has been conducted. Flood 
insurance rates are commensurate with the uncertainty of the flood risk. 
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PREFACE 

This publication is intended as a convenient summary of empirical relationships, working guides, and maps, useful 
in practical problems requiring rainfall frequency data. It is an outgrowth of several previous Weather Bureau 
publications on this subject prepared under the direction of the author and contains an expansion and generalization 
of the ideas and results in earlier papers. This work has been supported and financed by the Soil Conservation Service, 
Department of Agriculture, to provide material for use in developing planning and design criteria for the Watershed 
Protection and Flood Prevention program (P.L. 566, S3d Congress and as amended). 

The paper is divided into two parts. The first part presents the rainfall analyses. Included are measures of the 
quality of the various relationships, comparisons with previous works of a similar nature, numerical examples, discus­
sions of the limitations of the results, transformation from point to areal frequency, and seasonal variation. The second 
part presents 49 rainfall frequency maps based on a comprehensive and integrated collection of up-to-date statistics, 
several related maps, and seasonal variation diagrams. The rainfall frequency (isopluvial) maps are for selected 
durations from 30 minutes to 24 hours and return periods from 1 to 100 years. 

This study was prepared in the Cooperative Studies Section (Joseph L. H. Paulhus, Chief) of Hydrologic Services 
Division (William E. Hiatt, C¥ef). Coordination with the Soil Conservation Service, Department of Agriculture, was 
maintained through Harold O. Ogrosky, Chief, Hydrology Branch, Engineering Division. Assistance in the study was 
received from several.people. In particular, the author wishes to acknowledge the help of William E. Miller who 
programmed the frequency and duration functions and supervised the processing of all the data; Normalee S. Foat 
who supervised the collection of the basic data; Howard Thompson who prepared the maps for analysis; Walter T. 
Wilson, a former colleague, who was associated with the development of a large portion of the material presented here; 
Max A. Kohler, A. L. Shands, and Leonard L. Weiss, of the Weather Bureau, and V. Mockus and R. G. Andrews, of 
the Soil Conservation Service, who reviewed the manuscript and made many helpful suggestions. Caroll W. Gardner 
performed the drafting. 
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INTRODUCTION 
Historical review 

UntIl about 1953, economic and engineering design requiring rain­
Iall frequency data was based largely on Yarnell's paper [1] which 
contains a series of generalized maps for several combinations of 
duratIOns and return periods. Yarnell's maps are based on data 
from about 200 first-order Weather Bureau stations which main­
tained complete recording-gage records. In 1940, about 5 years 
after Yarnell's paper was published, a hydrologic network of record­
ing gages was installed to supplement both the Weather Bureau 
recording gages and the relatively larger number of nonrecording 
gages. The additional recording gages have subsequently increased 
the amount of short-duration data by a factor of 20. 

W£'ather Bureau Technical Paper No. 24, Parts I and II [2], pre­
pared for the Corps of Engineers in connection with their military 
construction program, contained the first studies covering an ex­
tend£'d area which exploited the hydrologic network data. The 
results of this work showed the importance of the additional data in 
defining the short-duration rainfall frequency regime in the moun­
tainous regions of the West. In many instances, the differences 
between Technical Paper No. 24 and Yarnell reach a factor of three, 
with t.he former generally being larger. Relationships developed and 
knowledge gained from these studies in the United States were then 
used to prepare similar reports for the coastal regions of North 
Arrica [3] and several Arctic regions [4] where recording-gage data 
were lacking. 

Cooperation between the Weather Bureau and the Soil Conserva­
tion Service began in 1955 for the purpose of defining the depth­
nrea-duration-frequency regime in the United States. Technical 
Paper No. 25 [5], which was partly a by-product of previous work 
performed for the Corps of Engineers, was the first paper published 
under the sponsorship of the Soil Conservation Service. This paper 
contains a series of rainfall intensity-duration-frequency curves for 
200 first-order Weather Bureau stations. This was followed by 
Technical Paper No. 28 [6], which is an expansion of Technical Paper 
No. 24 to longer return periods and durations. Next to be published 
were the five parts of the Technical Paper No. 29 series [7], which cover 
th£' l'£'gion east of 90· W. Included in this series are seasonal var.ia­
tion on a frequency basis and area-depth curves so that the pomt 
frequency values can be transformed to areal frequency. Except 
for the region between 90· W. and 105· W., the contiguous United 
States has been covered by generalized rainfall frequency studies 
prepared by the Weather Bureau since 1953. 

General approach 

The approach followed in the present study is basically that 
utilized in [6] and [7]. In these references, simplified duration and 
return-period relationships and several key maps were used to deter­
mine additional combinations of return periods and durations. In 
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this study, four key maps provided the basic data for these two 
relationships which were programmed to permit digital computer 
computations for a 3500-point grid on each of 45 additional maps. 

PART I: ANALYSES 

Basic data 

Types oj data.-The data used in this study are divided into three 
categories. First, there are the recording-gage data from the long­
record first-order Weather Bureau stations. There are 200 such 
stations with records long enough to provide adequate results within 
the range of return periods of this paper. These data are for the 
n-minute period containing the maximum rainfall. Second, there 
are the recording-gage data of the hydrologic network which are 
published for clock-hour intervals. These data were processed for 
the 24 consecutive clock-hour intervals containing the maximum 
rainfall-not calendar-day. Finally, there is the very large amount 
of nonrecording-gage data with observations made once daily. Use 
was made of these data to help define both the 24-hour rainfall 
regime and also the shorter duration regimes through applications of 
empirical relationships. 

Station data.-The sources of data are indicated in table 1. The 
data from the 200 long-record Weather Bureau stations were used to 
develop most of the relationships which will be described later. Long 
records from more than 1600 stations were analyzed to define the 
relationships for the rarer frequencies (return periods), and statistics 
from short portions of the record from about 5000 stations were used 
as an aid in defining the regional pattern for the 2-year return period. 
Several thousand additional stations were considered but not plotted 
where the station density was adjudged to be adequate. 

Period and length oj record.-The nonrecording short-record data 
were compiled for the period 1938-1957 and long-record data from 
the earliest year available through 1957. The recording-gage data 
cover the period 1940-1958. Data from the long-record Weather 
Bureau stations were processed through 1958. No record of less 
than five years was used to estimate the 2-year values. 

TABLE I.-Sources of poml ra.nfal! dala 

Duration 

30-min. to 24-hr _________________ _ 
Hourly _______ - - - - - - - - - - -- - - - - ---
Daily (recordmg) ______ - - -- - -- - ---

No. of 
statIons 

Average Reference 
length of No. 

record (yr.) 

Clock-hour VS. 60-minute and observational-day VB. 1440-minute 
rainjall.-In order to exploit the clock-hour and observational-day 
data, it was necessary to determine their relationship to the 60-
minute and 1440-minute periods containing the maximum rainfall. 
It was found that 1.13 times a rainfall value for a particular return 
period based on a series of annual maximum clock-hour rainfalls 
was equivalent to the amount for the same return period obtained 
from a series of 60-minute rainfalls. By coincidence, it was found 
that the same factor can be used to transform observational-day 
amounts to corresponding 1440-minute return-period amounts. The 
equation, n-year 1440-minute rainfall (or 60-minute) equals 1.13 
times n-year observational-day (or clock-hour) rainfall, is not built 
on a causal relationship. This is an average index relationship 
because the distributions of 60-minute and 1440-minute rainfall are 
very irregular or unpredictable during their respective time inter­
vals. In addition, the annual maxima from the two series for the 
same year from corresponding durations do not necessarily come 
from the same storm. Graphical comparisons of these data are pre­
sented in figure 1, which shows very good agreement. 

24 consecutive clock-hour rainjall VB. 1440-minute rai1ifall.-The 
recording-gage data were collected from published sources for the 
24 consecutive clock-hours containing the maximum rainfall. Be-
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cause of the arbitrary beginning and ending on the hour, a series 
of these data provides statistics which are slightly smaller in mag­
nitude than those from the 1440-minute series The average bias 
was found to be approximately one percent. All such data in this 
paper have been adjusted by this factor. 

Station ezposure.-In refined analysis of mean annual and mean 
seasonal rainfall data it is necessary to evaluate station exposures 
by methods such as double-mass curve analysis [14]. Such methods 
do not appear to apply to extreme values. Except for some sub­
jective selections (particularly for long records) of stations that have 
had consistent exposures, no attempt has been made to adjust rain­
fall values to a standard exposure. The effects of varying exposure 
are implicitly included in the areal sampling error and are probably 
averaged out in the process of smoothing the isopluviallines. 

Rain or sMW.-The term rainfall has been used in reference to 
all durations even though some snow as well as rain is included in 
some of the smaller 24-hour amounts for the high-elevation stations. 
Comparison of arrays of all ranking snow events with those known 
to have only rain has shown trivial differences in the frequency 
relations for several high-elevation stations tested. The heavier 
(rarer frequency) 24-hour events and all short-duration events con­
sist entirely of rain. 
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Duration interpolation diagram.-A generalized duration relation­
ship was developed with which the rainfall depth for a selected 
return period can be computed for any duration between 1 and 24 
hours, when the 1- and 24-hour values for that particular return 
period are given (see fig. 2). This generalization was obtained 
empii"ically from data for the 200 Weather Bureau first-order sta­
tions. To use this diagram, a straightedge is laid across the values 
given for 1 and 24 hours and the values for other durations are read 
at the proper intersections. The quality of this relationship for the 
2- and 6-hour durations is illustrated in figures 3 and 4 for stations 
with a wide range in rainfall magnitude. 

Relationship between SO-minute and 60-minute rainJaU.-If a 30-
minute ordinate is positioned to the left of the 60-minute ordinate 
on the duration interpolation diagram of figure 2, acceptable esti­
mates can be made of the 30-minute rainfall. This relationship 
was used in several previous studies. However, tests showed that 
better results can be obtained by simply multiplying the 60-minute 
rainfall by the average 30- to 60-minute ratio. The empirical re­
lationship used for estimating the 30-minute rainfall is 0.79 times 
the 60-minute rainfall. The quality of this relationship is illustrated 
in figure 5. 

Frequency anBIysis 

Two types oj series.-This discussion requires consideration of two 
methods of selecting and analyzing intense rainfall data. One 
method, using the partial-duration series, includes all the high values. 
The other uses the annual series which consists only of the highest 
value for each year. The highest value of record, of course, is the 
top value of each series, but at lower frequency levels (shorter return 
periods) the two series diverge. The partial-duration series, having 
the highest values regardless of the year in which they occur, recog­
nizes that the second highest of some year occasionally exceeds the 
highest of some other year. The purposes to be served by the atlas 
require that the resnlts be expressed in terms of partial-duration 
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FIGURE 4.-Relation between observed 2-year 6-hour rainfall and 2-year 6-hour 
rainfall computed from duration diagram. 

frequencies. In order to avoid laborious processing of partial­
duration data, the annual series were collected, analyzed, and the 
resulting statistics transformed to partial-duration statistics. 

ConversionJactorsJor two series.-Table 2, based on a sample of a 
number of widely scattered Weather Bureau first-order stations, 
gives the empirical factors for converting the partial-duration series 
to the annual series. 
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EXAMPLE. If the 2-, 6-, and 100year partial-duration series values 
estimated from the maps at 8 particular point are 3.00, 3.75, and 4.21 
inches, respectively, what are the annual series values for corresponding 
return periods? Multiplying by the appropriate conversion factors of 
table 2 gives 2.64, 3.60, and 4.17 inches. 
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The quality of the relationship between the mean of the partial­
duration series and the mean of the annual series data for the 1-, 6-, 
and 24-hour durations is illustrated in figure 6. The means for both 
series are equivalent to the 2.3-year return period. Tests with 
samples of record length from 10 to 50 years indicate that the factors 
of table 2 are independent of record length. 

TABLE 2.-E1I!pirical faclor8 for converting partial-duralion 
series to annual aeries 

Return period 

2-year ___ ______________________ __ _ 
5-year _ .. _________________________ _ 
to-year __________________________ _ 

Conversion factor 

0.88 
0.96 
0.99 

Frequency considerations.-Extreme values of rainfall depth form 
a frequency distribution which may be defined in terms of its mo­
ments. Investigations of hundreds of rainfall distributions with 
lengths of record ordinarily encountered in practice (less than 50 
years) indicate that these records are too short to provide reliable 
statistics beyond the first and second moments. The distribution 
must therefore be regarded as a function of the first two moments. 
The 2-year value is a measure of the first moment-the central 
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tendency of the distribution. The relationship of the 2-year to the 
100-year value is a measure of the second moment-the dispersion 
of the distribution. These two parameters, 2-year and 100-year 
rainfall, are used in conjunction with the return-period diagram of 
figure 7 for estimating values for other return periods. 

Gonstruction oj return-period diagram.-The return-period diagram 
of figure 7 is based on data from the long-record Weather 
Bureau stations. The spacing of the vertical lines on the diagram 
is partly empirical and partly theoretical. From 1 to 10 years it is 
entirely empirical, based on freehand curves drawn through plottings 
of partial-duration series data. For the 20-year and longer return 
periods reliance was placed on the Gumbel procedure for fitting 
annual series data to the Fisher-Tippett type I distribution [15]. 
The transition was smoothed subjectively between 10- and 20-year 
return periods. If rainfall values for return periods between 2 and 
100 years are taken from the return-period diagram of figure 7, con­
verted to annual series values by applying the factors of table 2, and 
plotted on either Gumbel or log-normal paper, the points will very 
nearly approximate a straight line. 
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FIGURE S.-Distribution of I-hour stations. 

Use oj diagram.-The two intercepts needed for the frequency 
relation in the diagram of figure 7 are the 2-year values obtained 
from the 2-year maps and the 100-year values from the 100-year 
maps. Thus, given the rainfall values for both 2- and lOO-year 
return periods, values for other return periods are functionally 
related and may be determined from the frequency diagram which is 
entered with the 2- and lOO-year values. 

General applicability oj return-period relationship.-Tests have 
shown that within the range of the data and the purpose of this 
paper, the return-period relationship is also independent of duration. 
In other words, for 30 minutes, or 24 hours, or any other duration 
within the scope of this report, the 2-year and lOO-year values 
define the values for other return periods in a consistent manner. 
Studies have disclosed no regional pattern that would improve the 
return-period diagram which appears to have application over the 
entire United States. 

Secular trend.-The use of short-record data introduces the ques­
tion of possible secular trend and biased sample. Routine tests with 
subsamples of equal size from different periods of record for the same 
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station showed no appreciable trend, indicating that the direct use 
of the relatively recent short-record data is legitimate. 

Storms combined into one distribution.-The question of whether a 
distribution of extreme rainfall is a function of storm type (tropical 
or nontropical storm) has been investigated and the results presented 
in a recent paper [16]. It was found that no well-defined dichotomy 
exists between the hydrologic characteristics of hurricane or tropical 
storm rainfall and those of rainfall from other types of storms. The 
conventional procedure of analyzing the annual maxima without 
regard to storm type is to be preferred because it avoids non­
systematic sampling. It also eliminates having to attach a storm­
type label to the rainfall, which in some cases of intermediate storm 
type (as when a tropical storm becomes extratropical) is arbitrary. 

Predictive value oj theoretical distribution.-Estimation of return 
periods requires an assumption concerning the parametric form of 
the distribution function. Since less than 10 percent of the more 
than 6000 stations used in this study have records for 60 years .or 
longer, this raises the question of the predictive value of the results­
particularly, for the longer return periods. As indicated previously, 
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reliance was placed on the Gumbel procedure for fitting data to the 
Fisher-Tippett type I distribution to determine the longer return 
periods. A recent study [17) of 60-minute data which was designed 
to appraise the predictive value of the Gumbel procedure provided 
definite evidence for its acceptability. 

Isopluvial maps 

Methodology.-The factors considered in the construction of the 
isopluvial maps were availability of data, reliability of the return 
period estimates, and the range of duration and return periods re­
quired for this paper. Because of the large amount of data for the 
1- and 24-hour durations and the relatively small standard error 
associated with the estimates of the 2-year values, the 2-year 1- and 
24-hour maps were constructed first. Except for the 30-minute 
duration, the 1- and 24-hour durations envelop the durations required 
for this study. The IOO-year 1- and 24-hour maps were then pre­
pared because this is the upper limit of return period. The four key 
maps: 2-year I-hour, 2-year 24-hour, 100-year I-hour, and IOO-year 

4. 

FIGURE D.-Distribution of 24-hour stations. 

24-hour, provided the data to be used jointly with the duration and 
frequency relationships of the previous sections for obtaining values 
for the other 45 maps. This procedure permits variation in two 
directions-one for duration and the other for return period. The 
49 isopluvial maps are presented in Part II as Charts 1 to 49. 

Data for 2-year I-hour map.-The dot map of figure 8 shows the 
location of the stations for which data were actually plotted on the 
map. Additional stations were considered in the analysis but not 
plotted in regions where the physiography could have no conceivable 
influence on systematic changes in the rainfall regime. All availahle 
recording-gage data with at least 5 years of record were plotted for 
the mountainous region west of 104° W. In all, a total of 2281 
stations were used to define the 2-year I-hour pattern of which 60 
percent are for the western third of the country. 

Datafor 2-year 24-hour map.-Figure 9 shows the locations of the 
6000 stations which provided the 24-hour data used to define the 
2-year 24-hour isopluvial pattern. Use was made of most of the 
stations in mountainous regions including those with only 5 years of 
record. As indicated previously, the data have heen adjusted where 

necessary so that they are for the 1440-minute period containing 
the maximum rainfall rather than observational-dll.Y. 

Smoothing of 2-year I-hour and 2-year 24-hour isopluvial line8.­
The manner of construction involves the question of how much to 
smooth the data, and an understanding of the problem of data 
smoothing is necessary to the most effective use of the maps. The 
problem of drawing isopluviallines through a field of data is analo­
gous in some important respects to drawing regression lines through 
the data of a scatter diagram. Just as isolines can be drawn so as to 
fit every point on the map, an irregular regression line can be drawn 
to pass through every point; but the complicated pattern in each 
case would be unrealistic in most instances. The two qualities, 
smoothness and fit, are basically inconsistent in the sense that 
smoothness may not be improved beyond a certain point without 
some sacrifice of closeness of fit, and vice versa. The 2-year 1- and 
24-hour maps were deliberately drawn so that the standard error of 
estimate (the inherent error of interpolation) was commensurate 
with the sampling and other errors in the data and methods of 
analysis. 

Ratio of lOO-year to 2-year 1- and 24-hour rainjall.-Two working 
maps were prepared showing the IOO-year to 2-year ratio for the l­
and 24-hour durations. In order to minimize the exaggerated effect 
·that an outlier (anomalous event) from a short record has on the 
magnitude of thll 100-year value, only the data from stations with 
minimum record lengths of 18 years for the I-hour and 40 years for 
the 24-hour were used in this analysis. As a result of the large sam­
pling errors associated with these ratios, it is not unusual to find a 
station with a ratio of 2.0 located near a 3.0 ratio even in regions 
where orographic influences on the rainfall regime are absent. As 
a group, the stations' ratios mask out the station-to-station dis­
parities and provide a more reliable indication of the direction of 
distribution than the individual station data. A macro-examination 
revealed that some systematic geographical variation was present 
which would justify the construction of smoothed ratio maps with 
a small range. The isopleth patterns constructed for the two maps 
are not identical but the ratios on both maps range from about 2.0 
to 3.0. The average ratio is about 2.3 for the 24-hour duration and 
2.2 for the I-hour. 

lOO-year I-hour and 24-hour map8.-The l(jO-y~ar values which 
were computed for 3500 selected points (fig. 10) are the product of 
the values from the 2-year maps and the IOO-year to 2-year ratio 
maps. Good definition of the complexity of pattern and steepness of 
gradient of the 2-year 1- and 24-hour maps determined the geo­
graphically unbalanced grid density of figure 10. 

1,6 additional map8.-The 3500-point grid of figure 10 was also used 
to define the isopluvial patterns of the 45 additional maps. Four 
values-one from each of the four key maps-were read for each 
grid point. Programming of the duration and return-period rela­
tionships plus the four values for each point permitted digital com­
puter computation for the 45 additional points. The isolines were 
positioned by interpolation with reference to numbers at the grid 
points. This was necessary to maintain the internal consistency of 
the series of maps. Pronounced "highs" and "lows" are positioned 
in consistent locations on all maps. Where the 1- to 24-hour ratio 
for a particular area is small, the 24-hour values have the greatest 
influence on the pattern of the intermediate duration maps. Where 
the 1- to 24-hour ratio is large, the I-hour value appears to have the 
most influence on the intermediate duration pattern. 

Reliability of results.-The term reliability is used here in the 
statistical sense to refer to the degree of confidence that can be placed 
in the accuracy of the results. The reliability of results is influenced 
by sampling error in time, sampling error in space, and by the 
manner in which the maps were constructed. Sampling error in 
space is a result of the two factors: (1) the chance occurrence of an 
anomalous storm which has a disproportionate effect on one station's 
statistics but not on the statistics of a nearby station, and (2) the 
geographical distribution of stations. Where stations are farther 
apart than in the dense networks studied for this project, stations 
may experience rainfalls that are nonrepresentative of their vicinity, 
or may completely miss rainfalls that are representative. Similarly, 
sampling error in time results from rainfalls not occurring according 
to their average regime during a brief record. A brief period of 
record may include some nonrepresentative large storms, or may 
miss some important storms that occurred before or after the period 
of record at a given station. In evaluating the effects of areal and 
time sampling errors, it is pertinent to look for and to evaluate bias 
and dispersion. This is discussed in the following paragraphs. 

Spatial sampling error.-In developing the area-depth relations, 
it was necessary to examine data from several dense networks. Some 
of these dense networks were in regions where the physiography could 
have little or no effect on the rainfall regime. Examination of these 
data showed, for example, that the standard deviation of point 
rainfall for the 2-year return period for a flat area of 300 square miles 
is about 20 percent of the mean value. Seventy 24-hour stations 
in Iowa, each with more than 40 years of record, provided another 
indication of the effect of spatial sampling error. Iowa's rainfall 
regime is not influenced locally by orography or bodies of water. 
The 2-year 24-hour isopluvials in Iowa show a range from 3.0 to 3.3 
inches. The average deviation of the 70 2-year values from the 



smoothed isopluvials is about 0.2 inch. Since there are no assignable 
causes for these dispersions, they must be regarded as a residual 
error in sampling the relatively small amount of extreme-value data 
available for each station. 

The geographical distribution of the stations used in the analysis 
is portrayed on the dot maps of figures 8 and 9. Even this relatively 
dense network cannot reveal very accurately the fine structure of 
the isopluvial pattern in the mountainous regions of the West. A 
measure of the sampling error is provided by a comparison of a 2-
year I-hour generalized map for Los Angeles County (4000 square 
miles) based on 30 stations with one based on 110 stations. The 
average difference for values from randomly selected points from both 
maps was found to be approximately 20 percent. 

Sampling error in time.-Sampling error in time is present because 
the data at individual stations are intended to represent a mean 
condition that would hold over a long period of time. Daily data 
from 200 geographically dispersed long-record stations were analyzed 
for 10- and 50-year records to determine the reliability or level of 
confidence that should be placed on the results from the short-record 
data. The diagram of figure 11 shows the scatter of the means of 
the extreme-value distributions for the two different lengths of record. 
The slight bias which is exhibited is a result of the skewness of the 
extreme-value distribution. Accordingly, more weight was given to 
the longer-record stations in the construction of the isopluvials. 

!soline interval.-The isoline intervals are 0.2, 0.5, or 1.0 inch 
depending on the range and magnitude of the rainfall values. A 
uniform interval has been used on a particular map except in the 
two following instances: (1) a dashed intermediate line has been 
placed between two widely separated lines as an aid to interpolation, 
and (2) a larger interval was used where necessitated by a steep 
gradient. "Lows" that close within the boundaries of the United 
States have been hatched inwardly. 

Maintenance of consistency.-Numerous statistical maps were 
made in the course of these investigations in order to maintain the 
internal consistency. In situations where it has been necessary to 
estimate hourly data from daily observations, experience has demon­
strated that the ratio of I-hour to corresponding 24-hour values for 
the same return period does not vary greatly over a small region. 
This knowledge served as a useful guide in smoothing the isopluvials. 
On the windward sides of high mountains in western United States, 
the 1- to 24-hour ratio is as low as 10 percent. In southern Arizona 
and some parts of midwestern United States, it is greater than 60 
percent. In general, except for Arizona, the ratio is less than 40 
percent west of the Continental Divide and greater than 40 percent 
to the east. There is a fair relationship between this ratio and the 
climatic factor, mean annual number of thunderstorm days. The 
two parameters, 2-year daily rainfall and the mean annual number 
of thunderstorm days, have been used jointly to provide an estimate 
of short-duration rainfalls [18]. A 1- to 24-hour ratio of 40 percent 
is approximately the average for the United States. 

Ezamination of physiographic parameters.-Work with mean 
annual and mean seasonal rainfall has resulted in the derivation of 
empirically defined parameters relating rainfall data to the physiog­
raphy of a region. Elevation, slope, orientation, distance from 
moisture source, and other parameters have been useful in drawing 
maps of mean rainfall. These and other parameters were examined 
in an effort to refine the maps present,ed here. However, tests 
showed that the use of these parameters would result in no improve­
ment in the rainfall-frequency pattern because of the sampling and 
other error inherent in values obtained for each station. 

Evaluation.-In general, the standard error of estimate ranges 
from a minimum of about 10 percent, where a point value can be 
used directly as taken from a flat region of one of the 2-year maps to 
50 percent where a 100-year value of short-duration rainfall must be 
estimated for an appreciable area in a more rugged region. 

Internal inconsistency.-{)n some maps the isoline interval does 
not reveal the fact that the magnitude does not vary linearly by 
interpolation. Therefore, interpolation of several combinations of 
durations and return periods for the point of interest might result 
in such inconsistencies as a 12-hour value being larger than a 24-

hour value for the same return period or that a 50-year value ex­
ceeds the 100-year value for the same duration. These errors, 
however, are well within the acknowledged margin of error. If 
the reader is interested in more than one duration or return period 
this potential source of inconsistency can be eliminated by con­
structing a series of depth-duration-frequency curves by fitting 
smoothed curves on logarithmic paper to the values interpolated 
from all 49 maps. Figure 12 illustrates a set of curves for the point 
at 35° N., 90° W. The interpolated values for a particular duration 
should very nearly approximate a straight line on the return-period 
diagram of figure 7. 

Obsolescence.-Additional stations rather than longer records will 
speed obsolescence and lessen the current accuracy of the maps. 
The comparison with Yarnell's paper [1] is a case in point. Where 
data for new stations are available, particularly in the mountainous 
regions, the isopluvial patterns of the two papers show pronounced 
differences. At stations which were used for both papers, even with 
25 years of additional data, the differences are negligible. 

Gil" , 

---
FIGURE 10.-Grid density UBed to construct additional maps. 

Guides for estimating durations and/or return periods not 
presented on the maps 

Intermediate durat,ons and rel:urn perwds.-In some instances, it 
might be required to obtain values within the range of return periods 
and durations presented in this paper but for which no maps have 
been prepared. A diagram similar to that illustrated in figure 12 
can serve as a nomogram for estimating these required values. 

Return periods longer than 100 years.-Values for return periods 
longer than 100 years can be obtained by plotting several values 
from 2 to 100 years from the same point on all the maps on either 
log-normal or extreme-value probability paper. A straight line 
fitted to the data and extrapolated will provide an acceptable esti­
mate of, say, the 200-year value. It should be remembered that 
the values on the maps are for the partial-duration series, therefore, 
the 2-, 5-, and 1O-year values should first be reduced by the factors 
of table 2. 

EXAMPLE. The 200-year I-hour value is reqwred for the point 
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at 35° N., 90° W. The 2-, 5-, 10-, 25-, 50-, and 100-year values are 
estimated from the maps to be 1.7, 2.2, 2.5, 2.9, 3.1, and 3.5 inohes. 
After multiplying the 2-year value by 0.88, the 5-year value by 0.96, 
and the 10-year value by 0.99, the six values are plotted on extreme­
value probability paper, a line is fitted to the data and extrapolated 
linearly. The 200-year value is thuo estimated to be about 3.8 inches 
(see fig. 13). 

Durations shorter than SO minutes.-If durations shorter than 30 
minutes are required, the average relationships between 30-minute 
rainfall on the one hand and the 5-, 10-, and IS-minute rainfall on 
the other can be obtained from table 3. These relationships were 
developed from the data of the 200 Weather Bureau first-order 
stations. 

TABLE 3.-Averag. r.latlom"if between SO-mlnut. rain/aU and ,horlel" dUro/Ion 
raIn/a /or I,," same return penod 

Duration (min.) _______________________ _ 
Ratio _________________________________ _ 
Average error (percent) _________________ _ 

10 
0.57 

7 

15 
0.72 

5 

6 
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FIGURE 12.-Example of internal consistency check. 

Comparisons with previous rainfall frequency studies 

YarneU.--A comparison of the results of this paper with those 
obtained by Yarnell's paper [lJ brings out several interesting points. 
First, both papers show approximately the same values for the 
Weather Bureau first-order stations even though 25 years of addi­
tional data are now available. Second, even though thousands 
of additional stations were used in this study, the differences between 
the two papers in the eastern haU of the country are quite small 

6 

and rarely exceed 10 percent. However, in the mountainous regions 
of the West, the enlarged inventory of data now available has had 
a profound effeet on t,he isopluvial pattern. In general, the results 
from this paper are larger in the West with the differences occasion­
ally reaching a factor of three. 

Technical Paper No. 25.-Technical Paper No. 25 [5J contains a 
series of rainfall intensity-duration-frequency curves for the 200 
Weather Bureau stations. The curves were developed from each 
station's data with no consideration given to anomalous events or 
to areal generalization. The average difference between the two 
papers is approximately 10 percent with no bias. After accounting 
for the fact that this atlas is for the partial-duration series and 
Technical Paper No. 25 is for the annual series, the differences can 
be ascribed to the considerable areal generalization used in this paper. 

Technical Paper No. 24, Parts I and II; Technical Paper No. 28.-­
The differences in refinement between Technical Paper No. 24 [2J 
and Technical Paper No. 28 [6J on the one hand and this paper on the 
other do not, however, seem to influence the end results to an 
important degree. Inspection of the values in several rugged areas, 
as well as in flat areas, reveals disparities which avera/l:e about 20 
percent. This is attributable to the much larger amount of data 
(both longer records and more stations) and the greater areal gen­
eralization used in this paper. 

Technical Paper No. 29, Parts 1 through 5.--The salient feature of 
the comparison of Technical Paper No. 29 [7J with this paper is the 
very small disparities between the four key maps and the slightly 
larger disparities between the intermediate maps. The average 
differences are of the order of magnitude of 10 Itlld 20 percent, 
respectively. The larger difference between the intermediate maps 

LOG - NORMAL PAPER 

_I-HOUR RAINFALL VALUES FROM 
I$OPLUVIAL MAPS AT ~6° N 
AND 90° W. 

NOTE' VALUES HAVE BEEN CONVERrED 
FROM PAR riAL -DURArtON SERIES 
ro ANNUAL SERIES (TABLE 2 J 

1.01 2 
RETURN PERIOD (YEARS) 

10 2S!50 100 200 sao 

EXTREME - VALUE PROBABILITY PAPER 

/' • POINrs FROM I-HOUR 
ISOPLUVIAL MAPS AT 
S~"N AND 90"w 

NOTE: VALUES HAVE BEEN 
CONVERrED FROM PARTIAL -
DURATION SERIES ro ANNUAL 
SERIES (rABLE 2 J 

oL-__________ ~ ______ ~ ____ ~ ______ L-__ _L ____ L-__ _L ____ ~ 

1.01 10 SO 100 200 .00 
RETURN PERIOD (YEARS) 

FIGURE 13.-Example of extrapolating to long return periods. 

is attributable to the smoothing of these maps in a consistent manner 
for this paper. 

Probability considerations 

General.--The analysis presented thus far has been mainly con­
cemed with attaching a probability to a particular magnitude of rain­
fall at a particular location. Once this probability has been deter­
mined, consideration must also be given to the corollary question: 
What is the probability that the n-year event will occur at least once 
in the next n years? 

From elementary probability theory it is known that there is a 
good chance that the n-year event will occur at least once before 
n years have elapsed. For example, if an event has the probability 
lIn of occurring in a particular year (assume the annual Bsries is 
being used), where n is 10 or greater, the probability, P, of the e:vent 
occurring at least once among n observations (or years) is 

P=1-(1-1/n)""'" 1-e-I =0.63 

Thus, for example, the probability that the IO-year event will occur 
at least once in the next 10 years is 0.63, or about 2 chances out of 3. 

Relationship between design return period, T years, design period, 
T., and probability oj not being exceeded in T. years.--Figure 14, 
prepared from theoretical computations, shows the relationship 
between the design return period, T years, design period, T., and 
probability of not being exceeded in T. years [19J. 

EXAMPLE. What design return period should the engineer use 
to be approximately 90 percent certain that it will not be exceeded 
in the next 10 years? Entering the design period coordinate at 10 years 
until the 90 percent line is intersected, the design return period is 
estimated to be 100 years. In terms of rainfaU magnitude, the 100-
year value is approximately 50 percent larger than the 100year value. 
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FIGURE 15.-Area-depth curves. 

Probable maximum precipitation (PMP) 

The 6-hour PMP and its relationship to the lOO-year 6-hour rain­
jall.--Opposed to the probability method of rainfall estimation 
presented in this paper is the probable maximum precipitation 
(PMP) method which uses a combination of physical model and 
several estimated meteorological parameters. The main purpose 
of the PMP method is to provide complete-safety design criteria in 
cases where structure failure would be disastrous. The 6-hour 
PMP map of Chart 50 is based on the IO-square-mile values of 
Hydrometeorological Report No. 33 [20J for the region east of 1050 W. 
and on Weather Bureau Technical Paper No. 38 [21) for the West. 
Chart 51 presents the ratios of the PMP vaiues to the IOO-year 
point rainfalls of this paper. Examination of this map shows that 
the ratios vary from less than 2 to about 9. These results must be 
considered merely indicative of the order of magnitude of extremely 
rare rainfalls. 



Area-depth relationships 

General.-For drainage areas larger than a few square miles con­
sideration must be given not only to point rainfall, but to the average 
depth over the entire drainage area. The average area-depth 
relationship, as a percent of the point values, has been determined 
for 20 dense networks up to 400 square miles from various regions 
in the United States [7]. 

The area-depth curves of figure 15 must be viewed operationally 
The operation is related to the purpose and application. In applica­
tion the process is to select a point value from an isopluvial map. 
This point value is the average depth for the location concerned, for 
a given frequency and duration It is a composite. The area-depth 
curve relates this average point value, for a given duratIOn and fre­
quency and within a given area, to the average depth over that area 
for the corresponding duration and frequency. 

The data used to develop the area-depth curves of figure 15 ex­
hibited no systematic regional pattern [7]. Duration turned out to 
be the major parameter. None of the dense networks had sufficient 
length of record to evaluate the effect of magnitude (or return perIOd) 
on the area-depth relationship. For areas up to 400 square miles, 
it is tentatively accepted that storm magnitude (or return period) 
is not a parameter in the area-depth relationship. The reliability 
of this relationship appears to be best for the longer durations. 

EXAMPLE What IS the average depth of 2-year 3-hour ramfall 
for a 200-square-mile drainage area In the vicinity of 37° N , 86° W.? 
From the 2-year 3-hour map, 2.0 inches IS estimated as the average 
depth for points in the area. However, the average 3-hour depth over 
the drainage area would be less than 2 0 inches for the 2-year return 
period Referring to figure 15, it is seen that the 3-hour curve mter­
sects the area scale at 200 square mIles at ratIo 0.8. Accordingly, the 
2-year 3-hour average depth over 200 square nules is 0.8 times 2 0, or 
1.6 inches. 

Seasonal variation 

Introductwn.-To this point, the frequency analysis has followed 
the conventional procedures of using only the annual maxima or the 
n-maximum events for n years of record Obviously, some months 
contribute more events to these series than others and, in fact, some 
months might not contribute at all to these two series. Seasonal 
variation serves the purpose of showing how often these rainfall 
events occur during a specific month. For example, a practical 
problem concerned with seasonal variation may be illustrated by the 
fact that the 100-year I-hour rain may come from a summer thunder­
storm, with considerable infiltration, whereas the 100-year flood may 
come from a lesser storm occurring on frozen or snow-covered ground 
in the late winter or early spring. 

Seascmal probability diagrams.-A total of 24 seasonal variatIOn dia­
grams is presented in Charts 52, 53, and 54 for the 1-, 6-, and 24-hour 
durations for 8 subregions of the United States east of 105° W. 
The 15 diagrams covering the region east of 90° W. are identical to 
those presented previously in Techmcal Paper No. 29 [7]. The 
smoothed isopleths of a diagram for a particular duration are based 
on the average relationslnp from approximately 15 statIOns in each 
subregion. Some variation exists from station to station, suggesting 
a slight subregional pattern, but no attempt was made to define it 
because there is no conclusive method of determining whether this 
pattern is a climatic fact or an accident of sampling. The slight 
regional discontinuities between curves of adjacent subregions can 
be smoothed locally for all practical purposes. No seasonal variation 
relationships are presented for the mountamous region west of 105° 
W. because of the influence of local climatic and topographic condi­
tions. ThiS would call for seasonal distribution curves constructed 
from each station's data instead of average and more reliable curves 
based on groups of stations. 

Appbcat~cm to areal ramJall.-The analysis of a limited amount of 
areal rainfall data in the same manner as the point data gave seasonal 
variations which exhibited no substantial difference from those of 
the point data. This lends some confidence in using these diagrams 
as a guide for small areas. 

EXAMPLE. Determme the probabIlity of occurrence of a 10-year 
I-hour ramfall for the months May through August for the pOint at 
45° N., 85° W. From Chart 52, the probablhties for each month are 
interpolated to be 1, 2, 4, and 2 percent, respectIvely. In other words, 
the probablhty of occurrence of a 10-year I-hour rainfall In May of 
any partICular year IS 1 percent; for June, 2 percent; and so forth. 
(AddItIOnal examples are gIven In all five parts of Techn.cal Paper 
No. S9.) 
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APPENDIX B

Understanding Radiation
This section introduces the general reader to some basic concepts of radioactivity and an 

understanding of the radiation emitted as radioactive materials decay to a stable state. To better 
comprehend the radiological information in the Site Environmental Report (SER), it is important 
to remember that not all radiations are the same and that different kinds of radiation affect living 
beings differently.

This appendix includes discussions on the common sources of radioactivity in the environment, 
types of radiation, the analyses used to quantify radioactive material, and how radiation sources 
contribute to radiation dose. Some general statistical concepts are also presented, along with a 
discussion of radionuclides that are of environmental interest at BNL. The discussion begins with 
some definitions and background information on scientific notation and numerical prefixes used 
when measuring dose and radioactivity. The definitions of commonly used radiological terms are 
found in the Technical Topics section of the glossary, Appendix A, and are indicated in boldface 
type here only when the definition in the glossary provides additional details.

radioactivity and radiation

All substances are composed of atoms that 
are made of subatomic particles: protons, neu-
trons, and electrons. The protons and neutrons 
are tightly bound together in the positively 
charged nucleus (plural: nuclei) at the center of 
the atom. The nucleus is surrounded by a cloud 
of negatively charged electrons. Most nuclei 
are stable because the forces holding the pro-
tons and neutrons together are strong enough to 
overcome the electrical energy that tries to push 
them apart. When the number of neutrons in the 
nucleus exceeds a threshold, then the nucleus 
becomes unstable and will spontaneously “de-
cay,” or emit excess energy (“nuclear” energy) 
in the form of charged particles or electromag-
netic waves. Radiation is the excess energy 
released by unstable atoms. Radioactivity and 
radioactive refer to the unstable nuclear prop-
erty of a substance (e.g., radioactive uranium). 
When a charged particle or electromagnetic 
wave is detected by radiation-sensing equip-
ment, this is referred to as a radiation event.

Radiation that has enough energy to remove 
electrons from atoms within material (a pro-
cess called ionization) is classified as ionizing 
radiation. Radiation that does not have enough 
energy to remove electrons is called nonionizing 
radiation. Examples of nonionizing radiation 
include most visible light, infrared light, micro-
waves, and radio waves. All radiation, whether 

ionizing or not, may pose health risks. In the 
SER, radiation refers to ionizing radiation.

Radioactive elements (or radionuclides) are 
referred to by name followed by a number, such 
as cesium-137. The number indicates the mass 
of that element and the total number of neutrons 
and protons contained in the nucleus of the atom. 
Another way to specify cesium-137 is Cs-137, 
where Cs is the chemical symbol for cesium in 
the Periodic Table of the Elements. This type of 
abbreviation is used throughout the SER.

Scientific Notation

Most numbers used for measurement and 
quantification in the SER are either very large or 
very small, and many zeroes would be required 
to express their value. To avoid this, scientific 
notation is used, with numbers represented in 
multiples of 10. For example, the number two 
million five hundred thousand (two and a half 
million, or 2,500,000) is written in scientific 
notation as 2.5 x 106, which represents “2.5 
multiplied by 10 raised to the power of 6.” 
Since even “2.5 x 106” can be cumbersome, the 
capital letter E is substituted for the phrase “10 
raised to the power of …” Using this format, 
2,500,000 is represented as 2.5E+06. The “+06” 
refers to the number of places the decimal point 
was moved to the left to create the shorter ver-
sion. Scientific notation is also used to represent 
numbers smaller than zero, in which case a 
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Cosmic,
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Medicine, 14

Consumer
Products, 10

minus sign follows the E rather than a plus. For 
example, 0.00025 can be written as 2.5 x 10-4 
or 2.5E-04. Here, “-04” indicates the number of 
places the decimal point was moved to the right.

NUMERICAL Prefixes

Another method of representing very large 
or small numbers without using many zeroes is 
to use prefixes to represent multiples of ten. For 
example, the prefix milli (abbreviated m) means 
that the value being represented is one-thou-
sandth of a whole unit; 3 mg (milligrams) is 3 
thousandths of a gram or E-03. See Appendix C 
for additional common prefixes, including pico 
(p), which means trillionth or E-12, giga (G), 
which means billion or E+09, and tera (T), 
which means trillion, E+12. 

Sources of Ionizing Radiation

Radiation is energy that has both natural 
and manmade sources. Some radiation is essen-
tial to life, such as heat and light from the sun. 
Exposure to high-energy (ionizing) radiation 
has to be managed, as it can pose serious health 
risks at large doses. Living things are exposed 
to radiation from natural background sources: 
the atmosphere, soil, water, food, and even our 
own bodies. Humans are exposed to ionizing 
radiation from a variety of common sources, the 
most significant of which follow. 
Background Radiation – Radiation that occurs 
naturally in the environment is also called back-
ground activity. Background radiation consists 

of cosmic radiation from outer space, radiation 
from radioactive elements in soil and rocks, and 
radiation from radon and its decay products in 
air. Some people use the term background when 
referring to all non-occupational sources com-
monly present. Other people use natural to refer 
only to cosmic and terrestrial sources, and back-
ground to refer to common man-made sources 
such as medical procedures, consumer products, 
and radioactivity present in the atmosphere from 
former nuclear testing. In the SER, the term 
natural background is used to refer to radiation 
from cosmic and terrestrial radiation.
Cosmic – Cosmic radiation primarily consists of 
charged particles that originate in space, beyond 
the earth’s atmosphere. This includes ionizing 
radiation from the sun, and secondary radia-
tion generated by the entry of charged particles 
into the earth’s atmosphere at high speeds and 
energies. Radioactive elements such as hydro-
gen-3 (tritium), beryllium-7, carbon-14, and 
sodium-22 are produced in the atmosphere by 
cosmic radiation. Exposure to cosmic radiation 
increases with altitude, because at higher eleva-
tions the atmosphere and the earth’s magnetic 
field provide less shielding. Therefore, people 
who live in the mountains are exposed to more 
cosmic radiation than people who live at sea 
level. The average dose from cosmic radiation 
to a person living in the United States is ap-
proximately 26 mrem per year. (For an expla-
nation of dose, see effective dose equivalent in 
Appendix A. The units rem and sieverts also are 
explained in Appendix A.)
Terrestrial – Terrestrial radiation is released 
by radioactive elements that have been pres-
ent in the soil since the formation of the earth. 
Common radioactive elements that contribute to 
terrestrial exposure include isotopes of potas-
sium, thorium, actinium, and uranium. The 
average dose from terrestrial radiation to a per-
son living in the United States is approximately 
28 mrem per year, but may vary considerably 
depending on the local geology.
Internal  – Internal exposure occurs when ra-
dionuclides are ingested, inhaled, or absorbed 
through the skin. Radioactive material may be 
incorporated into food through the uptake of ter-
restrial radionuclides by plant roots. People can 

Figure B-1. Typical Annual Radiation Doses from Natural and Man-
Made Sources (mrem). Source: NCRP Report No. 93 (NCRP 1987)
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ingest radionuclides when they eat contaminat-
ed plant matter or meat from animals that have 
consumed contaminated plants. The average 
dose from food for a person living in the United 
States is about 40 mrem per year. A larger expo-
sure, for most people, comes from breathing the 
decay products of naturally occurring radon gas. 
The average dose from breathing air with radon 
byproducts is about 200 mrem per year, but 
that amount varies depending on geographical 
location. An Environmental Protection Agency 
(EPA) map shows that BNL is located in one of 
the regions with the lowest potential radon risk.
Medical – Every year in the United States, mil-
lions of people undergo medical procedures 
that use ionizing radiation. Such procedures 
include chest and dental x-rays, mammography, 
thallium heart stress tests, and tumor irradia-
tion therapies. The average doses from nuclear 
medicine and x-ray examination procedures are 
about 14 and 39 mrem per year, respectively.
Anthropogenic – Sources of anthropogenic (man-
made) radiation include consumer products such 
as static eliminators (containing polonium-210), 
smoke detectors (containing americium-241), 
cardiac pacemakers (containing plutonium-238), 
fertilizers (containing isotopes from uranium 
and thorium decay series), and tobacco products 
(containing polonium-210 and lead-210). The 
average dose from consumer products to a per-
son living in the United States is 10 mrem per 
year (excluding tobacco contributions). 

COMMON TYPES OF Ionizing RADIATION

The three most common types of ionizing 
radiation are described below.
Alpha Radiation – An alpha particle is identi-
cal in makeup to the nucleus of a helium atom, 
consisting of two neutrons and two protons. 
Alpha particles have a positive charge and have 
little or no penetrating power in matter. They 
are easily stopped by materials such as paper 
and have a range in air of only an inch or so. 
However, if alpha-emitting material is ingested, 
alpha particles can pose a health risk inside the 
body. Naturally occurring radioactive elements 
such as uranium emit alpha radiation.
Beta Radiation – Beta radiation is composed 
of particles that are identical to electrons. 

Therefore, beta particles have a negative charge. 
Beta radiation is slightly more penetrating than 
alpha radiation, but most beta radiation can be 
stopped by materials such as aluminum foil and 
plexiglass panels. Beta radiation has a range in 
air of several feet. Naturally occurring radioac-
tive elements such as potassium-40 emit beta 
radiation. Some beta particles present a hazard 
to the skin and eyes.
Gamma Radiation – Gamma radiation is a form 
of electromagnetic radiation, like radio waves 
or visible light, but with a much shorter wave-
length. Gamma rays are emitted from a radioac-
tive nucleus along with alpha or beta particles. 
Gamma radiation is more penetrating than alpha 
or beta radiation, capable of passing through 
dense materials such as concrete. Gamma radia-
tion is identical to x-rays except that x-rays 
are more energetic. Only a fraction of the total 
gamma rays a person is exposed to will interact 
with the human body. 

Types of Radiological AnalysEs

The amount of radioactive material in a 
sample of air, water, soil, or other material can 
be assessed using several analyses, the most 
common of which are described below.
Gross alpha – Alpha particles are emitted from 
radioactive material in a range of different 
energies. An analysis that measures all alpha 
particles simultaneously, without regard to their 
particular energy, is known as a gross alpha ac-
tivity measurement. This type of measurement 
is valuable as a screening tool to indicate the 
total amount but not the type of alpha-emitting 
radionuclides that may be present in a sample.
Gross beta – This is the same concept as that for 
gross alpha analysis, except that it applies to the 
measurement of gross beta particle activity. 
Tritium – Tritium radiation consists of low-en-
ergy beta particles. It is detected and quantified 
by liquid scintillation counting. More infor-
mation on tritium is presented in the section 
Radionuclides of Environmental Interest, later 
in this appendix.
Strontium-90 – Due to the properties of the 
radiation emitted by strontium-90 (Sr-90), 
a special analysis is required. Samples are 
chemically processed to separate and collect any 
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strontium atoms that may be present. The col-
lected atoms are then analyzed separately. More 
information on Sr-90 is presented in the section 
Radionuclides of Environmental Interest.
Gamma – This analysis technique identifies 
specific radionuclides. It measures the particu-
lar energy of a radionuclide’s gamma radiation 
emission. The energy of these emissions is 
unique for each radionuclide, acting as a “fin-
gerprint” to identify it.

Statistics

Two important statistical aspects of measur-
ing radioactivity are uncertainty in results, and 
negative values.

Uncertainty – Because the emission of radia-
tion from an atom is a random process, a sample 
counted several times usually yields a slightly 
different result each time; therefore, a single 
measurement is not definitive. To account for 
this variability, the concept of uncertainty is ap-
plied to radiological data. In the SER, analysis 
results are presented in an x ± y format, where 
“x” is the analysis result and “± y” is the 95 
percent “confidence interval” of that result. That 
means there is a 95 percent probability that the 
true value of x lies between (x + y) and (x – y).

Negative values – There is always a small 
amount of natural background radiation. The 
laboratory instruments used to measure radioac-
tivity in samples are sensitive enough to mea-
sure the background radiation along with any 
contaminant radiation in the sample. To obtain 
a true measure of the contaminant level in a 
sample, the background radiation level must be 
subtracted from the total amount of radioactivity 
measured. Due to the randomness of radioac-
tive emissions and the very low concentrations 
of some contaminants, it is possible to obtain 
a background measurement that is larger than 
the actual contaminant measurement. When the 
larger background measurement is subtracted 
from the smaller contaminant measurement, a 
negative result is generated. The negative results 
are reported, even though doing so may seem 
illogical, but they are essential when conducting 
statistical evaluations of data.

Radiation events occur randomly; if a 
radioactive sample is counted multiple times, a 

spread, or distribution, of results will be ob-
tained. This spread, known as a Poisson dis-
tribution, is centered about a mean (average) 
value. Similarly, if background activity (the 
number of radiation events observed when no 
sample is present) is counted multiple times, it 
also will have a Poisson distribution. The goal 
of a radiological analysis is to determine wheth-
er a sample contains activity greater than the 
background reading detected by the instrument. 
Because the sample activity and the background 
activity readings are both Poisson distributed, 
subtraction of background activity from the 
measured sample activity may result in values 
that vary slightly from one analysis to the next. 
Therefore, the concept of a minimum detection 
limit (MDL) was established to determine the 
statistical likelihood that a sample’s activity is 
greater than the background reading recorded by 
the instrument.

Identifying a sample as containing activity 
greater than background, when it actually does 
not have activity present, is known as a Type I 
error. Most laboratories set their acceptance of 
a Type I error at 5 percent when calculating the 
MDL for a given analysis. That is, for any value 
that is greater than or equal to the MDL, there is 
95 percent confidence that it represents the de-
tection of true activity. Values that are less than 
the MDL may be valid, but they have a reduced 
confidence associated with them. Therefore, 
all radiological data are reported, regardless of 
whether they are positive or negative

At very low sample activity levels that are 
close to the instrument’s background reading, it 
is possible to obtain a sample result that is less 
than zero. This occurs when the background 
activity is subtracted from the sample activ-
ity to obtain a net value, and a negative value 
results. Due to this situation, a single radia-
tion event observed during a counting period 
could have a significant effect on the mean 
(average) value result. Subsequent analysis 
may produce a sample result that is positive. 
When the annual data for the SER are com-
piled, results may be averaged; therefore, all 
negative values are retained for reporting as 
well. This data handling practice is consistent 
with the guidance provided in the Handbook of 
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Radioactivity Measurements Procedures (NCRP 
1985) and the Environmental Regulatory 
Guide for Radiological Effluent Monitoring 
and Environmental Surveillance (DOE 1991). 
Average values are calculated using actual 
analytical results, regardless of whether they are 
above or below the MDL, or even equal to zero. 
The uncertainty of the mean, or the 95 percent 
confidence interval, is determined by multiply-
ing the population standard deviation of the 
mean by the t(0.05) statistic.

Radionuclides of Environmental Interest

Several types of radionuclides are found in 
the environment at BNL due to historical opera-
tions. 

Cesium-137 – Cs-137 is a fission-produced 
radionuclide with a half-life of 30 years (after 
30 years, only one half of the original activ-
ity level remains). It is found in the worldwide 
environment as a result of past aboveground 
nuclear weapons testing and can be observed in 
near-surface soils at very low concentrations, 
usually less than 1 pCi/g (0.004 Bq/g). Cs-137 
is a beta-emitting radionuclide, but it can be 
detected by gamma spectroscopy because its 
decay product, barium-137m, emits gamma 
radiation.

Cs-137 is found in the environment at BNL 
mainly as a soil contaminant, from two main 
sources. The first source is the worldwide depo-
sition from nuclear accidents and fallout from 
weapons testing programs. The second source 
is deposition from spills or releases from BNL 
operations. Nuclear reactor operations produce 
Cs-137 as a byproduct. In the past, wastewater 
containing small amounts of Cs-137 generated 
at the reactor facilities was routinely discharged 
to the Sewage Treatment Plant (STP), result-
ing in low-level contamination of the STP 
and the Peconic River. In 2002/2003, under 
the Environmental Restoration Program, sand 
and its debris containing low levels of Cs-137, 
Sr-90, and heavy metals were removed, assur-
ing that future discharges from the STP are free 
of these contaminants. Soil contaminated with 
Cs-137 is associated with the following areas 
that have been, or are being, addressed as part 
of the Environmental Remediation Program: 

former Hazardous Waste Management Facility, 
Waste Concentration Facility, Building 650 
Reclamation Facility and Sump Outfall Area, 
and the Brookhaven Graphite Research Reactor 
(BGRR). 
Strontium-90 – Sr-90 is a beta-emitting radionu-
clide with a half-life of 28 years. Sr-90 is found 
in the environment principally as a result of fall-
out from aboveground nuclear weapons testing. 
Sr-90 released by weapons testing in the 1950s 
and early 1960s is still present in the environ-
ment today. Additionally, nations that were not 
signatories of the Nuclear Test Ban Treaty of 
1963 have contributed to the global inventory of 
fission products (Sr-90 and Cs-137). This radio-
nuclide was also released as a result of the 1986 
Chernobyl accident in the former Soviet Union.

Sr-90 is present at BNL in the soil and 
groundwater. As in the case of Cs-137, some 
Sr-90 at BNL results from worldwide nuclear 
testing; the remaining contamination is a by-
product of reactor operations. The following 
areas with Sr-90 contamination have been or are 
being addressed as part of the Environmental 
Remediation Program: former Hazardous Waste 
Management Facility, Waste Concentration 
Facility, Building 650 Reclamation Facility and 
Sump Outfall Area, the BGRR, Former and 
Interim Landfills, Chemical and Glass Holes 
Area, and the STP.

The information in SER tables is arranged 
by method of analysis. Because Sr-90 requires 
a unique method of analysis, it is reported as a 
separate entry. Methods for detecting Sr-90 us-
ing state-of-the-art equipment are quite sensitive 
(detecting concentrations less than 1 pCi/L), 
which makes it possible to detect background 
levels of Sr-90.
Tritium – Among the radioactive materials that 
are used or produced at BNL, tritium has re-
ceived the most public attention. Approximately 
4 million Ci (1.5E+5 TBq) per year are pro-
duced in the atmosphere naturally (NCRP 
1979). As a result of aboveground weapons test-
ing in the 1950s and early 1960s in the United 
States, the global atmospheric tritium inventory 
was increased by a factor of approximately 
200. Other human activities such as consumer 
product manufacturing and nuclear power reac-
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HTO, none as elemental tritium. Sources of 
tritium at BNL include the reactor facilities (all 
now non-operational), where residual water 
(either heavy or light) is converted to tritium via 
neutron bombardment; the accelerator facili-
ties, where tritium is produced by secondary 
radiation interactions with soil and water; and 
facilities like the Brookhaven Linac Isotope 
Producer, where tritium is formed from second-
ary radiation interaction with cooling water. 
Tritium has been found in the environment at 
BNL as a groundwater contaminant from opera-
tions in the following areas: Current Landfill, 
BLIP, Alternating Gradient Synchrotron, and 
the High Flux Beam Reactor. Although small 
quantities of tritium are still being released to 
the environment through BNL emissions and 
effluents, the concentrations and total quantity 
have been drastically reduced, compared with 
historical operational releases as discussed in 
Chapters 4 and 5. 
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tor operations have also released tritium into the 
environment. Commercially, tritium is used in 
products such as self-illuminating wristwatches 
and exit signs (the signs may each contain as 
much as 25 Ci [925 GBq] of tritium). Tritium 
also has many uses in medical and biological 
research as a labeling agent in chemical com-
pounds, and is frequently used in universities 
and other research settings such as BNL and 
other national laboratories. 

Of the sources mentioned above, the most 
significant contributor to tritium in the environ-
ment has been aboveground nuclear weapons 
testing. In the early 1960s, the average tri-
tium concentration in surface streams in the 
United States reached a value of 4,000 pCi/L 
(148 Bq/L; NCRP 1979). Approximately the 
same concentration was measured in precipita-
tion. Today, the level of tritium in surface waters 
in New York State is less than one-twentieth 
of that amount, below 200 pCi/L (7.4 Bq/L; 
NYSDOH 1993). This is less than the detection 
limit of most analytical laboratories.

Tritium has a half-life of 12.3 years. When 
an atom of tritium decays, it releases a beta par-
ticle, causing transformation of the tritium atom 
into stable (nonradioactive) helium. The beta 
radiation that tritium releases has a very low 
energy, compared to the emissions of most other 
radioactive elements. In humans, the outer layer 
of dead skin cells easily stops the beta radia-
tion from tritium; therefore, only when tritium 
is taken into the body can it cause an exposure. 
Tritium may be taken into the body by inhala-
tion, ingestion, or absorption of tritiated water 
through the skin. Because of its low energy 
radiation and short residence time in the body, 
the health threat posed by tritium is very small 
for most exposures.

Environmental tritium is found in two 
forms: gaseous elemental tritium, and tritiated 
water or water vapor, in which at least one of 
the hydrogen atoms in the H2O water molecule 
has been replaced by a tritium atom (hence, its 
shorthand notation, HTO). Most of the tritium 
released from BNL sources is in the form of 
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Introduction 

This report is the culmination of the three and one half rounds of sampling, three quarterly reports 

and the efforts of work done under the Pueblo of Laguna (Pueblo) Clean Water Act § 106 Surface 

Water Quality Monitoring Program. This report also serves as the fourth quarterly report. 

The Pueblo of Laguna (KA-WAIKA-MAH) is a federally recognized Indian Tribe located in West­

Central New Mexico on the Colorado Plateau. The Pueblo is one of the 19 federally recognized 

Pueblos in the state. The name of the Laguna Pueblo People is derived from the Spanish word 

for Lake (Lagoon). As well, the name in the Keresan language is KA-WAIKA-MAH and the literal 

translation is "people from the lake" or "people of the lake". The Laguna People have always 

been farmers, livestock tenders, and caretakers of the land, but most of all, we prize the human 

attribute of thought and hard work. KA-WAIKA was the first of the Pueblos to adopt a written 

Constitution in 1908. This constitution was replaced under the Indian Reorganization Act of 1934, 

revised in 1958, and amended once again in 1984. 

Laguna Reservation lands comprise approximately 550,000 acres in Trust and approximately 

150,000 acres of State and Bureau of Land Management tracts for a total of nearly 700,000 total, 

situated within four New Mexican counties; Cibola, Valencia, Bernalillo and Sandoval. There are 

six main villages within the reservation boundaries: Seama (TSE-AH-MAH) (the western-most), 

Paguate (GWEE-STCHGEE), Encinal (BUU-NEE-GUY-AH), Paraje (TSE-MUU-NAH), Laguna 

(KA-WAIKA), and Mesita (HAA-TSAH-DTH) (the eastern-most). There are also several sub­

divisions and scattered homes between the main villages. "The Village of Laguna is, and shall 

continue to be, the Capital of the Pueblo of Laguna",' which is located approximately 55 miles 

west of Albuquerque on Interstate-40. 

The lithological setting of the Pueblo of Laguna Indian reservation is distinctive and the 

landscapes are commonly a complex response to variations in rock types and to primary and 

secondary structures within the units. Secondary structures are heavily influenced by diastrophic 

and exogenic processes. The deformation, uplift, doming, volcanism and at times intense lateral 

deformation produce large-scale secondary structures that respond to geomorpholoigical 

processes in complex variations which create our distinctive terrain and unique morphological 

structures. Lithological controls over landforms produce a wide variation of structures and these 

variations may be associated with a wide range of discrete regions that can be identified from 

distinctive outcrops of a few square meters to uniformatity over hundreds of square kilometers. It 

1 Pueblo of Laguna, Constitution of the Pueblo of Laguna, June 6, 1984, page4 
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is important of recognize some of the major geomorphic features associated with arenaceous, 

argillaceous, calcareous, igneous, and metamorphic rocks. These will impact the rate of 

weathering which has a direct impact to the rates at which weathered material is removed from its 

location of break-up to deposition. This will also be a major influence on infiltration, percolation, 

permeability, and porosity. The influence continues and impacts surface water, shallow 

groundwater and medium to deep ground water respond accordingly as well as quality and 

quantity. Weathering is an unfixed mix of both chemical and mechanical processes. All these 

factors impact fluid movements. A liquid is transported thorough open channels where the flow is 

confined and although the depth, velocity, and flow in the channel can be measured the study can 

be rendered hazardous in arid and semi arid climates. Uplift mechanisms can be categorized for 

purposes of simplicity as eustatic, isostatic, tectonic and orogenic. These mechanisms are all 

factors in the development of drainage basins and stream channels. Denudation chronology, 

direct observationi measurement, mathematical simulations and application of the ergodic 

hypothesis are some of the methods used to try to visualize the long-term evolution of the 

landforms. Morphgenetics are important to consider regarding questions concerning climatic 

geomorphology. The morphometrics portions are greatly impacted by climatic influences. These 

influences may either be directly related through precipitation intensity or indirectly through 

vegetation. The morphogenetic region in which the Pueblo of Laguna is located is classified as 

Semi-Arid to Arid. The geomorphic processes associated with this region are listed as follows: 

• Frost Weathering (minimal except at higher latitudes) 

• Mechanical Weathering (minimal to moderate, especially thermal and salt) 

• Chemical Weathering (minimal to moderate) 

• Mass Wasting (moderate but infrequent) 

• Fluvial Processes (Maximum but episodic in the form of sheet wash, gulling and 

ephemeral stream action giving high overall erosion rates) 

• Glacial Scour (nil) 

• Wind Action (Moderate to Maximum) 

The morphological features associates with this region are listed as follows: 

• Pediments (1" to 4") 

• Cliffs and angular talus slopes (25" to 35") 

• Inselbergs 

• Integrated ephemeral stream systems 

• Arroyos 

• Badlands 

• Alluvial fan 
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• Local dunes 

The following diagram was first demonstrated by Hjulstrom, which was elaborated by Sundborg 

(1956) which relates critical velocity to the sediment size at which erosion of sedimentary 

particles will begin for both wind and water. 
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Figure 12.14 Curves showing relations of grain size to critical fluvial and aeollan erosion velocity for uniform materials of 
differing densities. The critical fluvial erosion velocity refers to a height of I m above the river bed. The (wo' critical zones around 
these curves and the setding velocity curye for particles in water delimit the four regimes of fluvial deposition. fluvial transport, 
fluvial erosion and aeolian erosion. 
Source: Sundborg, 1956, ligure 16. p. 197. 

Potable and non-potable water is in very limited supply across the Pueblo, making it a highly 

valuable resource. Drinking water is derived from shallow surficial aquifers and surface water 

springs, drinking water wells are screened in the shallow alluvial aquifers along surface water 

pathways with one exception. The Village of Encinal uses surface water collected from springs in 

the Encinal Canyon which infiltrates from surface water through at least two basalt units and 

possibly sandstone prior to use. This source is currently being used to improve the water quality 

of the valley system which is degraded. Therefore, the Pueblos' drinking water aquifers and 

supply system are vulnerable to contamination from surface sources. There are two primary 

watersheds that drain the Pueblo lands: the Rio Puerco and the Rio San Jose. The Rio San Jose 

drains from the west towards the east, joining up with the Rio Puerco, which drains from the north 

towards the south. The Rio Puerco then goes on to a confluence with the Rio Grande. Together, 

the Rio San Jose and the Rio Puerco form a sub basin of the Rio Grande basin. The Rio Puerco 
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is one of the main tributaries of the Rio Grande, entering the river near Bernardo, New Mexico. It 

supplies more than 70% of the suspended sediment entering the Rio Grande above Elephant 

Butte reservoir. The Pueblo's lands are in the eastern and central portions of these watersheds. 

The U.S. EPA's Index of Watershed Indicators classifies the Pueblo's watersheds as having 

"More Serious Problems - Low Vulnerability to Pollutant Stressors", and assigns the watersheds 

a score of 5 on a scale of 1-10. The problems stem primarily from erosion, loss of riparian 

vegetation, intrusion of non-native species (i.e. Salt Cedar) and high sediment loads. However, 

there are a few possibilities for the discharge of pollutants. There have been no fish advisories 

for these watersheds. The Jackpile uranium mine on the Pueblo has been mostly reclaimed and 

is shown on the attached aerial photo. However, discharges from this mine, as well as from 

similar mines and mills upstream of the Pueblo, have affected the Pueblo's watersheds. 

Currently, there are two regulated point source effluent dischargers, one on the Rio San Jose at 

the Dancing Eagle Casino and on the Rio Puerco at the Route 66 Casino. There is always the 

likelihood of spills and accidental releases on the U.S. Interstate Highway 40 and Railroad 

systems, which bisect the Pueblo lands. 
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Methodology 

Analytical Sample Collection 

The methodology used by the POL staff in collection and physical parameter monitoring includes the 

following: 

1. Peristaltic Pump with poly and silicone tubing 

2. YSI 650 Multi-probe system with 6820 Multi-parameter Sonde 

3. YSI 6160 Flow Cell 

4. Latex Gloves and other PPE 

5. Coolers for sample collection 

6. Ice for sample preservation and drink/food ice chest cooling 

7. Pruning shears and various hand tools 

8. 5 Ib sledge hammer 

9. 4 wheel drive vehicle 

An analytical laboratory was contracted for the analytical portions, which include the following: 

• Isotopic Uranium (U23
., U235 and U234

) 

• Total Nitrogen which includes 
o Ammonia 
o Total Kjeldahl Nitrogen 
o N02 (Nitrite) and N03 (Nitrate) 

• Total Phosphorous 
• Fecal/E. Coli 

The following analysis will be added in 2010 to the list of analytical samples collected and analyzed as 

part of the Surface Water Quality Program this will consist of: 

• PCB, Toxapene, Chlordane 

• Chlorinated Acids 

• Regulated SVOC 

• Carbamated Pesticides 

• Diquat 

• Endothall 

• Glyphosate 

• DRO/GRO 

• High Explosive 

• TTHM's 

• PAH 

The laboratory was tasked with providing all sample containers, preservatives, coolers chains-of-custody 

forms and receipt of samples by the laboratory was done on Pueblo land. The sampling procedures 
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identified in the Quality Assurance Project Plan (QAPP) QTRAK #08-132 approved February 2008 were 

followed with the exception of submerging the sample container in the water body. As can be observed 

from the previous site photographs it is not possible to submerge a sample container in most water 

bodies present on the Pueblo of Laguna Indian lands. Dipping of samples using a sterile disposable 

container was not appropriate. This action disturbed the sediment in the bed of the stream; therefore, a 

peristaltic pump was used in the collection of most surface water samples. The use of the peristaltic 

pump also allowed for the use of an inline 0.45 micron filter where required for field filtering. All samples 

collected for this year are for inorganic analysis therefore the use of the poly tubing will not affect the 

data, however as time progress and different analysis are required, Teflon tubing will be used which will 

not affect semi volatile or volatile organic analysis, this will be added next year. 

Physical Parameters 

Surface water will be monitored for the following parameters: 

• Flow rate, noted as presence or absence of water with detectable flow 

• Dissolved Oxygen in percent and mg/L, 

• Atmospheric pressure in Atmospheres, 

• Temperature in degrees C, 

• pH, 

• Specific Conductance in mS/cm, 

• Conductance in mS/cm, 

• Resistivity in KOhm/cm, 

• Oxidation Reduction Potential in mY, 

• TDS in giL 

• Salinity in ppt 

• Turbidity in NTU, 

Attempts have been made to monitor locations on a bi-monthly basis, which has proved to be difficult 

given sample location dispersion, weather conditions and distance to each location. Sample collection 

for physical data parameters and/or analytical has proven to be non-feasible during late fall, winter and 

early spring months. The locations at high elevations are inaccessible due to snow and most water is 

frozen. The lower elevation locations are only accessible during later afternoon thawing but limited 

daylight make the return trip in the dark and dangerous. The following graphic show the elevation of all 

33 sampling locations in feet above sea level the miles were from point to point on the map. Since the 

locations are not in a straight liner progression it was not possible to map them in this fashion, nor was it 

possible to map them in actual miles from point to point road miles. The sample location map is located 

in the Discussion section of this report. 
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Ambient Toxicity Sample Collection 

Ambient Toxicity testing is provided by U.S. EPA Region 6 at no cost to the Pueblo of Laguna, however 

the Pueblo must pay for containers, coolers, ice, bags, and shipping costs. Ambient Toxicity is considered 

most useful when utilized in concert with a comprehensive suite of physical, chemical and biological 

indicators, as a diagnostic tool where water quality problems have been identified by other indicators, and 

as a complement to biological assessment to determine whether or not previously identified toxicity 

problems have been eliminated. In addition to the following: (1) known or suspected toxicity and 

supporting information, (2) proposed uses of toxicity data for 305(b) and, in particular, 303(d) 

assessments, (3) past utility of toxicity data, and/or (4) proposed chemical analyses and/or toxicity 

identification evaluations (TIEs) in the event of recurring toxicity. EPA will conduct a 96-hour acute tests 

for test organisms Ceriodaphnia dubia and Pimephales promelas see "Methods for Measuring the Acute 

Toxicity of Effluents and Receiving Waters to Freshwater and Marine Organisms, Fifth Edition", EPA-

821-R-02-012, October 2002. In cases where recurrent toxicity in water or sediment has occurred in a 

water body, it is recommend that a more intensive chemical analyses and/or TIEs be conducted. Special 

assistance from EPA Houston Lab may be available for chemical analyses if the Tribe does not have lab 

capability or resources to conduct such analyses. 

2009 Ambient Toxicity Testing Schedule far the Pueblo of Laguna 

Location per 

Sample Location by Elevations Distribution 
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This distribution is in feet above sea level starting at the lowest point in elevation which is 5000 feet to a 

high of nearly 9000 feet. The distance is from point to point and is over 150 miles but this does not reflect 

actual distance driven which is much greater. The distance of 150 miles is a good daily average driven to 

collect Physical parameter data and analy1ical samples during a round of sampling activities at the 

Pueblo of Laguna. 

This location specific data takes into consideration areas where sewage lagoons are located close to 

surface water bodies and where the potential for impact is greatest. Data from suspect locations will not 

be included in the "background" database. Background location had been chosen in areas where very 

limited impact from human activity is possible and wildlife and geologic setting are the defining factors. 

Physical parameter data collection as identified in the QAPP, is to be collected on a bi-monthly basis, 

however this has proven to be problematic. Many locations are not accessible at all times and those with 

cultural/religious uses are not accessible during these types of functions. Weather is a major factor in 

determining access to a location. Hot summer days and high Evaportranspiration rates diminish flow in 

shallow surface water bodies to damp soil in many of the locations; however, these locations are 

important and are retained as locations. These conditions are noted and recorded in the logbook and 

noted in the Quarterly Progress Reports. 

Whenever possible physical parameters and analytical sample collection are combined to save time and 

improve field efficiency. The following map shows the dispersion of sampling locations and distance from 

a fixed point which it the Environmental Program Office location. It should be noted that the base maps 

used by the Terrain Navigator Pro software are USGS Quadrangles the 1:100000 Scale and the 7.5 

Minute Series at 1 :24000 which have not been updated and not show the current land holding of the 

Pueblo of Laguna but all points on the map are on Laguna Land either Trust or Fee Simple. The only 

points on Tribal Trust land are the Silver Dollar Ranch, SDR-01, SDR-02, and RPG-01; however, the 

process to place this land into trust status has begun and should be completed within the next 5 years. 

Efforts are being made to acquire updated land status maps from the Bureau of Indian Affairs, Laguna 

Agency. 

38 



2700011

2009 Sampling Location 
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Evaportranspiration 

Apart from precipitation, evaportranspiration is the next major component in the hydrologic budget. 

Evaportranspiration involves the process of evaporation from open bodies of water, wetlands, snow 

cover, and bare soil and the process of transpiration from vegetation. The principal climatic factors 

influencing evapotranspiration are solar radiation and wind speed. In the conterminous United States, 

evapotranspiration averages about 67 percent of the average annual precipitation and ranges from 40 

percent of the precipitation in the Northwest and Northeast to about 100 percent of the precipitation in the 

Southwest. 
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Mean daily sofar radiation in the United States andPuerto Rico.(Source: Data from the U.S. 
Department of Commerce, 1968). 
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Estimated mean annual evapotranspiration in the United States and Puerto Rico. (Source: 
Data compiled from U.S. Geological Survey, 1990). 

Average disposition of 4200 billion gallons per day a/precipitation in the wnterminous Uniled Siaies. (source: Data from U.S. Geological Survey, 1990) 

Estimates of the mean annual evaportranspiration have been derived from hydrologic budgets for each 

State. These estimates indicate that statewide evaportranspiration within the United States ranges from 

about 10 inches per year in the Southwest to about 35 inches per year in the Southeast. However, in 
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selected areas of the Southwest where moisture is available and solar radiation is high, 

evapotranspiration rates in salt cedar are estimated to be about 56 inches per year. 

Seasonal trends in evapotranspiration follow the seasonal trends in air temperature-maximum rates occur 

during the summer months, and minimum rates during the winter months. Advanced Very High 

Resolution Radiometer instruments installed on polar-orbiting satellites provide relative measurements of 

plant vigor, density of vegetation cover, and the seasonal duration of vegetation growth. These 

measurements also monitor the spatial and temporal persistence of drought for large areas. 

Changes in evapotranspiration during a drought depend largely on the availability of moisture at the onset 

of a drought and the severity and duration of a drought. Evaporation from open bodies of water during a 

drought increases, but transpiration by plants, particularly shallow-rooted plants, generally decreases 

(U.S. Geological Survey Waler-Supply Paper 2375, p. 99-104 .. ). 

Discussion 

The 33 sites currently monitored within the Pueblo of Laguna Indian Reservation lands cover the full 

spectrum of environments, climates, terrains, and water quality. The locations range from an Alpine zone 

in the upper elevations where pine, spruce, aspen, and fur are the dominate tree types to Northern 

Chihuahuan Desert grasslands characterized by plateaus, rolling hills, and basin floors where the soils 

are relatively deep. Blue Grama, Bouleloua gracilis, is the dominant species here. Surface water sources 

within the Pueblo of Laguna lands vary greatly. The higher elevations are characterized by braided high 

velocity, cold-water streams and the low elevations are characterized by ephemeral streams called 

arroyos. Springs are the sole source of water on several of these surface water bodies, many of which 

dry up completely during the summer months. The flora and fauna associated with these zones vary with 

elevation, terrain, and uses. In many instances, only plants are associated with the surface water 

bodies, (Arroyos) and many of the springs, which are isolated dry up during the summer or reduce to 

shallow pools with little to no aquatic life. Evaluations of current sites monitored revealed two streams 

and one spring hold the possibility of supporting fish species and have enough water year round to 

support these aquatic ecosystems. These are the Rio Paguate, Water Canyon Creek and Dipping Vat 

Spring on the Rio San Jose at RSJ04. Cultural and Traditional uses of these water bodies and all water 

bodies on the Pueblo of Laguna Indian Reservation Lands will be denoted as a "Yes" or "No" answer and 

under no circumstances will details of Cultural and Traditional use be elaborated upon. Do any water 

bodies monitored during the Tribal Fiscal Year 2009 of the CWA § 106 Water Quality Program have 

Cultural and Traditional uses? Yes. 

Analytical data and Physical parameter data collection for the Tribal Fiscal Year 2009 is not complete and 

will not be added in this report until it is completed. Round one through Round three data, in hard copy 
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format, for will be attached as an appendix to this report, partial data from Round 4 will be included and 

the remaining data will be collected in the spring prior to the start of Round One of the 2010 sampling 

schedule. It will be added as an addendum at a later date. The analytical data collected in round one 

shows major changes in water samples collected from all sites. The sites designated as Back Ground 

have little to no interference from upstream sources both surface and ground water is derived from 

snowmelt and rain. It is suspected that any metal levels may be elevated due to development practices 

implemented by the U.S. Forest Service; this development also limits the influence of biological vectors 

such as wildlife, aquatic species, and the environment. Additionally the New Mexico Bureau of Geology 

and Mineral Resources in conjunction with the U.S. Geological Survey are up-dating geological maps in 

the Mt. Taylor and Lobo Canyon Quadrangles. These 7.5 minute quadrangle maps overlap onto Pueblo 

of Laguna lands. One of the objectives of this mapping is to better understand the movement of surface 

water and groundwater due to the complex nature of a composite volcanic field and its interaction on the 

surrounding bedrock. This will help the Pueblo of Laguna better identify recharge zones and aquifer 

connections and the complex relationship between surface water and groundwater within the Mt Taylor 

Volcanic field on and off reservation lands. More analytical sampling is required to determine if any 

problems exist in the waters of the Pueblo of Laguna. Currently assistance is being sought with the New 

Mexico Bureau of Geology and Mineral Resources to obtain additional analytical analysis on water bodies 

classified as important by the Pueblo of Laguna. Determinations of naturally occurring constituents are 

still being compiled and evaluations for additional analytical parameters for upcoming years evaluated. 

Studies of naturally occurring contaminants and compounds are continually evaluated to determine if any 

adverse effects are observed and if so can be recorded. The addition of manmade organic, volatile and 

semi-volatile organic compounds are to be added to the 2010 sampling schedule which will require a 

substantial increase in the analytical budget and would be proposed for the surface water systems that 

are currently used by the Pueblo of Laguna for drinking and ceremonial use. These surface water bodies 

feed the shallow alluvial aquifers where groundwater is drawn for the domestic drinking water supply 

system of the Pueblo. 

Turbidity is still proven problematic; most locations have water that is above 50 NTU. The YSI 650 Multi­

parameter probe and 6820 Multi-parameter Sonde which can read Turbidity up to 1000 NTU has helped 

but in many stream especially the Rio Puerco is still beyond the ability of this Sonde. Additionally 

physical parameter data collection is not possible in arroyos when there is flow. This flow typically is a 

flood induced by heavy precipitation and the velocity of the water is very physically powerful. Attempts 

were made to collect from bridges; however, the sediment load was so great that and the particle size 

were slightly greater than the diameter of the collection tube that it plugged the tube. The bed load was 

so high that the 6820 Multi-parameter Sonde was buried in sediment within seconds and adequate 

reading were not possible, attempts were made to hold the Sonde above the steam bed but the velocity 

of the water was so great it caused the Sonde to hydroplane on the surface. The velocity of the water 
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made it impossible to be near the edge of the stream as the bank was being undercut and continually 

collapsing into the stream. 

In summary there is physical, ambient toxicity, and analytical sample data to determine problem areas on 

surface water bodies across the Pueblo of Laguna reservation lands. The Rio Paguate has good quality 

water above the mine however, below the mine the quality drops dramatically. The level of Isotopic 

Uranium in the water peaked this year at 394.90 ~g/L at RPG-03 and 147.28 at RPG-04 on 06/25/2008. 

The levels on 05/28/2008 were 327.52 ~g/L at RPG-03 and 227.38 ~g/L. The quantity has varied greatly 

as well this year with higher than normal turbidity levels during the summer months when flow is 

diminished. This is most likely due to the drought and this being one of the permanent streams 

emanating from Mt. Taylor has seen increased use by wildlife and livestock. This level impacts not only 

the Rio Paguate but the Rio San Jose below their convergence points and the Rio Puerco then the Rio 

Grande. The Rio Moquino has showed measurable levels of Isotopic Uranium all year long with a peak 

level of 9.93 ~g/L on 05/28/2008. The Rio San Jose at RSJ-04 showed elevated levels on 06/26/2008 of 

13.08 ~g/L which is at a sampling location more than 15 miles downstream and diluted by two large 

springs and several minor ones. The quantity of water in the Water Canyon Creek has fluctuated greatly 

throughout the year with variability in the quality as well. The main problem with this stream system is the 

diversion of 100% of the flow by the Cubero Land Grant Community. Encinal Creek has also remained 

fairly constant throughout the year as well compounded by high evaportranspiration rates and infiltration 

resulting in limited flow. The two points at Jack Ward Mesa have varied greatly all year, it is expected that 

this is due to geology and natural causes. The Rio San Jose has varied greatly as well and this is due to 

numerous factors. The Rio Puerco and Rio Salado vary greatly as well, however this is mostly due to the 

presence or absence of water. There has been very limited flow all year in the Rio Salado and it has 

remained dry due to 100% containment by the Juan Tafoya Land Grant Community (AKA Marquez). The 

numerous springs including background have not fluctuated as greatly but difference can be attributed to 

the drought conditions experienced this year which impact quality, flow and quantity. 

Arroyo Cutting 

An arroyo is a nearly vertically walled, flat floored stream channel that forms in fine, cohesive, easily 

eroded material. Arroyos can cut as deeply as 65 feet into the valley floor, are often wider than 165 feet, 

and can be hundreds of miles long. Arroyos exist throughout the western United States, but are most 

common in arid and semi-arid climates in the Southwest. The rapid widening and deepening of arroyos 

have both changed the physical environment and been a costly nuisance in the west since European 

settlement began in the mid 1800's. 
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Causes of Arroyo Formation 

Three factors may cause arroyo formation, but the relative contribution of each is difficult to discern. The 

main factor is thought to be a change in climate that produced unusually heavy rainfall. Land-use 

practices, such as grazing, may have enhanced arroyo formation in the southwest during the most recent 

period of erosion (AD. 1865-1915). A natural cycle of erosion and deposition caused by internal 

adjustments to the channel system is a third possibility (Graf, 1988; Schumm and Hadley, 1957). 

Climate 

Flooding caused by heavy rain may produce arroyos. Although climate records in the southwest were not 

systematically kept before 1900, recent studies have found evidence for unusually heavy rainfall in 

Tucson, Arizona during the late 1800's (Betancourt and Turner, 1993). This rainfall was caused by strong 

and frequent ENSO (EI Nino Southern Oscillation) events, suggesting that heavy rain was a regional 

phenomenon. Thus, the climate of the Southwest during the most recent period of arroyo entrenchment 

was conducive to large floods (Hereford, 1993). Drainages may have been especially vulnerable to arroyo 

cutting, if unusually wet ENSO conditions occurred immediately following a period of below normal 

precipitation. During a dry period, the enervated vegetation would not have its normal capacity to protect 

the soil from rain-drop impact or to absorb and slow runoff. 

Land Use 

With the settlement of the West came the rapid introduction of cattle, sheep, and horses. From 1870 to 

1890 the number of livestock in New Mexico increased from 300,000 to 2,300,000 (Peterson, 1950). 

Similar increases were reported in other Western states during this time. Valley floors, which were the 

most dependable forage areas for the animals, were quickly overgrazed. The fragile vegetation was 

consumed, and the soil was compacted and left extremely susceptible to erosion. To further exacerbate 

the soil conditions, both humans and livestock created trails along stream channels and nearby hillsides 

forming small ditches, leaving the land surface susceptible to arroyo formation. 

Nevertheless, earlj,er periods of arroyo formation predated the introduction of livestock, and thus 

overgrazing cannot be solely responsible. Spanish and Mexican ranchers, moreover, introduced large 

numbers of livestock in the 1700's without associated erosion. For these reasons, other factors such as 

climate change may have played a more important role in arroyo formation. 
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i 

Effects of Arroyo Cutting 

Swamps in the Southwest during the Last Century 

Observations before 1865 describe verdant river bed marshes, known as cienegas, containing beaver 

ponds, fish, and tall grasses which were nourished by high water tables (Bryan, 1925). These marshes 

have since been drained by arroyos, altering the flora and fauna of the area by widening and deepening 

the original stream channel. 

Decreased Agricultural Productivity 

Arroyo formation can be very destructive to agriculture. As soon as arroyo cutting begins, the surrounding 

water table is lowered making irrigation difficult. Arroyos can quickly remove as much as 25% of their 

valley floor (Cooke and Reeves, 1976, p. 3), covering downstream agricultural land with unwanted flood­

borne sediment. This sediment does not improve the fertility of the underlying alluvial soil because it 

contains large quantities of sand and gravel that originate from subsoil and deposits of soil forming 

materials (Cooperrider and Hendricks, 1937). 

Flooding 

The often excessive deposits of sediment from upstream arroyo formation can decrease flood protection 

by reducing the natural regulatory functions of stream channels and riparian habitat. Sediment from 

upstream arroyo erosion fills channels that otherwise would store flood water. Arroyos also increase flood 

severity by changing the geometry of the stream channel. Development of an arroyo in a previously 

braided or meandering drainage straightens and shortens the channel which limits flood water dispersal 

and increases velocity and increases the cutting or in sizing of the active channel. The scouring of the 

channel removes the alluvial materials in which vegetation takes hold and destabilizes the banks. A 

blockage of the channel in this stage can result in massive deposition of several feet bed load over the 

limited vegetation which may be present and lateral flooding with catastrophic effects. 

Displacement of People 

Because of the loss of land to arroyos and the increased difficulties of farming, humans have occasionally 

been forced to either change their agricultural practices or to relocate. Where farming practices were 

depended on irrigation, problems of increasingly fluctuating and decreasingly reliable water sources, and 

difficulties of transferring water to fields, drove out farmers or forced a change to grazing (Gregory and 

Moore, 1931). Other damages include destruction to roads, railroads, bridges, culverts, fences, and 

irrigation works. In the late 1880's, the entrenchment of the Rio Puerco in New Mexico forced the 

desertion of the towns of San Ignacio, San Fernando y Bias, and San Francisco (Bryan, 1925). 
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Prehistoric arroyo cutting may have been one of the main factors leading to abandonment of southern 

Utah and northern Arizona by the Puebloan People (Hereford et aI., 1995).2 

Not to Scale 

2 USGS Rio Puerco On-line Web site http://esp.cr.usgs.gov/rio puerco 
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Tribal FY 2009 CWA § 106 Water Quality Program Sampling & Monitoring 
Locations 
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Macro invertebrates and Fish Habitats 

The Rio San Jose and the Rio Puerco watersheds, which are both sub-watersheds of the Rio Grande 

Basin system, receive water from sources passing through or originating on Pueblo of Laguna Indian 

lands. The stream systems which comprise these watersheds vary with regard to the size of the basin, 

elevation, seasonal flow rates, ownership and resource management schemes, and of course, aquatic 

bio-diversity. 

There are perennial, spring-fed and snow run-off, cold-water streams which support native and introduced 

trout species (Genus: Sa/rna), of New Mexico and the elements of primary production, which these trout 

feed on. These stream systems vary from one (foot) in diameter, to approximately 12 feet in diameter, 

with varying levels of stream depth and flow rates. There is also variation in the pools, riffles, eddies, as 

well as, available fish cover and habitat. Additionally, there have been occurrences of catfish (Genus: 

/cta/urus) and Bluegill (Genus: Lepomis) in the Rio Paguate and Rio San Jose stream systems. 

There are also areas of the stream systems, which have become "choked" with vegetation and silt. 

These choked areas of the stream system are primarily upstream of the Pueblo of Laguna's external 

boundary fence. Within the Pueblo of Laguna's boundaries, in the Water Canyon stream system, there 

are a series of high elevation, small, in-line ponds, which vary in size, depth, and habitat. There are some 

seasonal occurrences of algal blooms in this pond series, which effects aquatic life. Inhabitants of these 

high-mountain ponds include, but are not limited to, mud puppies (Genus: Necturus), Gastropods (snails), 

crayfish (Order: Decapoda), and Leopard Frogs (Genus: Rana), and these ponds are regularly visited by 

bear, deer, mountain lion, turkey, ducks, geese, crows, eagles, hawks and elk. 
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The Pueblo of Laguna's Environmental and Natural Resource Teams are presently designing a complete 

aquatic biodiversity inventory to be conducted as funding becomes available. Currently it is hoped to 

contract for a preliminary Macro invertebrate study to be done in 2010. 
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Conclusions 

The Pueblo of Laguna Surface Water Quality Monitoring program has experienced set back but has met 

or exceeded all goals for the § 106 Clean Water Act Grant for FY 2008-2009. The water quality specialist 

and colleges have collected 3 full rounds of analytical samples and partial data from round 4. Round 4 will 

be completed in the spring of 2010 prior to starting Round 1 of the 2010 rounds of analytical data 

collection. All attempted to collect bi-monthly physical parameter data in addition 4 rounds of Ambient 

Toxicity sampling data have been made, however due to injuries sustained during round 4 analytical and 

physical parameter collection had to be suspended. All data, analytical and physical is attached to this 

report with the remainder to be added at a later date. In addition, all quarterly reports have been 

submitted for this grant year, with the exception of this Year End Report. The result of the analytical 

sampling and physical parameter monitoring is indicating great diversity within the waters of the Pueblo of 

Laguna. Variations in surface water bodies with hydrologic links to groundwater in many cases are 

becoming evident, which has been suspected and now confirmed. 

As discussed in the introduction section the hydrogeology of the Pueblo of Laguna Reservation lands is 

unique and complex. Pristine conditions are no longer possible due to the extensive mining that occurred 

in the Grants Mineral Belt. Contamination from mining activities, population centers, National 

Laboratories, highways, detonation of nuclear weapons within the state of New Mexico, etc., have wide 

reaching effects and directly impact the air quality which in turn affects meteoric waters which are part of 

the hydrologic cycle. The first atomic bombs detonated were within the State of New Mexico, the first at 

Los Alamos National Laboratory and the second at the Trinity Site on the White Sands Missile Range. 

Much of the uranium needed for these weapons was mined from Pueblo lands and the effects of which 

are just beginning to express themselves within the population that mined this ore. 

The use of surface water by the Pueblo of Laguna people had not changed much since before New 

Mexico became a State in 1912. These uses include irrigation of farmland, livestock watering, drinking 

water supplies, and cultural and traditional uses. Introduction of drinking water and waste water systems 

by the Indian Health Service in the 1960's have had dramatic effects on the limited, high quality water 

supplies on Pueblo lands. Demand for drinking water has grown logarithmically since its introduction with 

similar detrimental effects on source areas. Impacts from septic and sewage lagoons is not fully know but 

is expected to have been negative. Demands for water in the semi-arid climate of the southwest are 

growing both on and off the reservation. Large metropolitan areas demands for clean drinking water have 

exceeded the capability of the source supply and these areas are now looking towards Indian lands to 

fulfill their needs, with no regard to the needs of the Tribes for the same resource. It is extremely 

important for Tribes, specifically the Pueblo of Laguna to protect and determine the quality and quantity of 

its waters both surface and subsurface. It is also important to understand the impact of contaminants on 

the hydrologic cycle, and how these contaminants will influence human health and the environment. 
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YEAR 2005 

Sample location Round 1 Round 2 Round 3 Round 1 

RPG-02 U-234 0.446 0.241 0.268 

U-235 0.038 -0.080 0.013 

U-238 0.027 -0.011 0.162 

Total Uranium 0.511 0.150 0.443 

RPG-022 U-234 191.333 
Duplicate Sample U-235 -0.015 

U-238 0.096 

Total Uranium 191.414 

RPG-03 U-234 23.710 

U-235 1.117 

U-238 20.793 

Total Uranium 45.620 

RPG-033 U-234 22.248 
Duplicate Sample U-235 1.268 

U-238 20.251 

Total Uranium 43.767 

RPG-04 U-234 6.914 

U-235 0.416 

U-238 3.807 

Total Uranium 11.137 

RPG-044 U-234 8.008 
Duplicate Sample U-235 0.221 

in 09a Blank U-238 11.667 

Total Uranium 19.896 

RSJ-03 U-234 

U-235 

U-238 

Total Uranium 

RSJ-033 U-234 

Duplicate Sample U-235 

U-238 

Total Uranium 

RSJ-04 U-234 9.435 4.813 

U-235 0.547 0.119 

U-238 8.311 2.842 

Total Uranium 18.293 7.774 

RSJ-044 U-234 3.917 4.227 
Duplicate Sample U-235 0.123 0.098 

U-238 2.872 2.351 

Total Uranium 6.911 6.676 

RPC-04 U-234 5.598 

U-235 0.187 

U-238 2.828 

Total Uranium 8.613 

RMQ-Ol U-234 5.310 5.452 5.873 

U-235 0.394 0.000 0.086 

U-238 3.456 2.535 2.686 

Total Uranium 9.160 7.987 no water 8.645 

Notice: Under SDWA, the Mel for Total Uranium = 30 Micrograms/liter 

Notice: RMQ-01 results for 2005 and 2006 are in pCi/Liter 

2006 

Round2 

0.309 

0.017 

0.167 

0.493 

56.652 

2.384 

53.773 

112.809 

48.717 

2.282 

46.180 

97.179 

0.747 

0.009 

0.515 

1.271 

0.833 

-0.017 

0.315 

1.131 

1.294 

0.043 

0.675 

2.012 

5.598 

0.153 

2.900 

8.651 

Total Uranium Results in Micrograms/Liter 
2007 2008 2009 

Round 3 Round 1 Round 2 Round 3 Round 4 Round 1 Round 2 Round 3 Round 4 Round 1 Round 2 Round 3 Round 4 
0.693 

0.760 

18.000 

19.453 

25.187 3.000 53.820 5.007 0.016 87.333 92.667 0.003 0.027 0.014 0.004 98.482 39.579 

1.017 -0.032 2.822 0.463 1.600 4.720 5.353 0.000 4.530 2.330 0.633 3.652 1.462 

23.085 1.107 53.560 5.860 309.000 72.667 88.000 0.003 448.000 230.000 63.800 89.200 35.568 
49.289 4.074 110.202 11.330 310.616 164.720 186.020 0.007 452.557 232.344 64.437 191.334 76.609 

23.943 88.000 0.015 

0.955 4.853 2.500 

22.354 88.000 236.000 

47.252 180.853 238.515 

14.600 5.569 4.353 0.010 0.136 36.533 0.034 0.008 0.013 0.008 72.939 11.358 

0.800 0.357 0.274 1.340 -0.008 1.493 2.208 1.170 1.440 1.460 2.314 0.347 

12.800 4.210 3.013 168.000 0.039 32.333 0.029 136.000 216.000 123.000 59.445 10.202 

28.200 10.136 7.641 169.350 0.167 70.360 2.271 137.178 217.453 124.468 134.698 21.907 

0.000 

-0.003 

0.066 
0.063 

2.258 I 

0.075 

1.073 
3.406 

1.649 

0.115 

0.873 

2.637 

3.824 4.680 4.081 3.640 0.001 5.340 4.700 2.440 0.001 0.001 0.001 12.936 

0.081 0.205 0.189 0.333 0.160 0.256 0.174 0.169 0.160 0.122 0.181 0.248 

1.707 2.400 3.036 2.300 14.600 3.093 2.907 1.960 13.800 7.420 11.900 8.431 

5.612 7.285 7.306 6.273 14.761 8.689 7.781 4.569 13.961 7.543 12.082 21.615 

3.762 

0.041 

2.020 

5.823 

2.732 0.002 0.001 0.001 0.000 0.001 0.001 0.000 0.001 0.001 2.984 5.972 

0.061 0.232 0.156 0.156 0.000 1.177 0.120 0.078 0.183 0.062 0.000 0.118 

1.298 30.904 8.551 8.551 0.005 8.971 7.706 5.471 6.800 6.100 1.578 2.970 

4.091 31.138 6.400 8.708 0.005 10.148 7.826 5.549 no water 6.984 6.162 4.562 9.060 

brownm
Text Box
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AppendixA 
Quarterly Reports 
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Objective 1: Maintain and Continue to Build Surface Water Quality Program 

Sub Objectives: 

1.1 Provide AdministrativelTechnical Support for Water Quality Program 

1.2 Build, Maintain and Expand Technical Reference Library 

1.3 Build Analytical/Physical Parameter Data Base 

1.4 Discussion 

Related Activities completed during this quarter: 

Sampling continued during this quarter, along with physical parameter data collection 
utilizing the YSI Multiparameter Display System (MDS) with Model 6820 multi-probe 
compact Sonde for the fourth round of year 2007-2008. The Pueblo of Laguna fiscal year 
was re-aligned with the calendar year in 2005 so the Pueblo fiscal year policies must be 
followed. All analytical results are in the process of retrofitting for loading into the Enviro 
Data database. All data will require the addition of a Station Location Identification code. 
This will be accomplished by using the areas of the reservation attached in the list as a 
part of this report along with the up-date site location map. This will be addressed in the 
QAPP QTRAK #08-132 revision. Preparation of the 2009 Ambient Toxicity Sample will be 
developed based on the allocation of 18 samples offered by U.S. EPA Region 6. 

Discussion: 

The CWA § 106 Water Quality Program Year-End Report is in the final stages of 
completion. The report will be submitted to the Pueblo of Laguna Governor John E. 
Antonio for approval and signature prior to submittal in the next quarter to Region VI for 
approval. 

Training is an on going process and will be included in work activities as needed for 
refresher and improving job performance. Training maybe done in-house, obtained 
through the Bureau of Indian Affairs (BIA), Indian Heath Service (IHS), OETA, EPA etc., or 
other provider on a no-cost basis for current staff and new staff as added. The addition of 
the Environmental Technician last year has been a tremendous asset to the program. 
Fieldwork could not have been completed without this person, however as the program 
grows this position wilt be required on a full time basis not just 50%. 

The Enviro Data software is required for the maintenance and development of the master 
database. It became apparent last quarter during the development of the Year End Report 
that a more effective means of maintaining the database was required. Queries for data 
proved to be a labor-intensive task, which left little to no time for other data QA. The 
software is custom built to the need and specifications set for by the Pueblo of Laguna 
Surface Water Quality Program and have the capability to grow for use by the other 

Pueblo of Laguna 
Environmental & Natural Resources 
Surface Water Monitoring Program 
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Environmental programs. The investment of time to set up the parameters for data storage 
will require more training but will be beneficial in the end for the program; data can be 
retrieved with ease and compared to the baseline, which is still under development, as well 
as manipulated for inclusion in reports etc. The addition of a Station Location Identifier is 
needed to upload past and current data and efforts are under way to retrofit previous 
year's data with inclusion of this identifier and addressed in the QAPP for future data 
collection efforts. 

Work on the Technical Reference Library is an ongoing process and is in dire need of 
additional space. Office space is at a premium and is vital that documents housed there 
be readily available when needed. Whenever possible large new documents added are 
stored electronically to save space, however, it is not cost effective or feasible to convert 
old documents to electronic format. This process is only expected to grow and is nearly at 
a critical level for space. 

Collection of analytical and physical parameter data for the 2009-2010 sampling year was 
not feasible for the later part of the first quarter of the new fiscal year due to weather. This 
issue is addressed in the revisions to the QAPP, #08-132 currently under revision for 
submittal and approval for the 2009 sampling year for the Pueblo of Laguna Surface Water 
Quality Monitoring Program. 

New lands were purchased and new sampling locations are being added from these areas. 

Objective 2: Develop Program Design for Water Quality Monitoring 

Sub Objectives: 

2.1 Update Quality Assurance Project Plan 

2.2 Discussion 

Related Activities Completed during this quarter: 

The QAPP #08-132 is currently in review and revision for submittal for the start of sampling 
activities under the 2009/2010 sampling rounds 

Discussion: 

A revised version of the QAPP QTRAK # 08-132 will be submitted to Region VI for 
approval prior to start of work scheduled to be tentatively for March 2009. Only minor 
changes are needed for this revision and the process suggested by Mr. Don Johnson, 
Region 6 Quality Assurance Manager would be utilized for a more efficient approval. 
These include the addition of Staff from the Office of Environmental and Technical 
Assistance (OETA) to serve as the Quality Control/Quality Assurance (QA/QC) officer. 
Ms. Margaret Chavez has been designated as the QA/QC person for the Surface Water 

Pueblo of Laguna 
Environmental & Natural Resources 
Surface Water Monitoring Program 
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Quality Monitoring program. A bio with Ms. Chavez's qualifications will be obtained and 
included as well as her signature on the signature page of the QAPP. 

Objective 3: Implement Basic Water Quality Monitoring Program 

Sub Objectives: 

3.1 Conduct Field Data Collection-Physical Parameters 

3.2 Conduct Field Data Collection-Analytical Parameters 

3.3 Discussion 

Related Activities Completed during this quarter: 

The only physical and analytical data collection that occurred during this period was those 
to complete the activities of sampling year 2008-2009. 

Discussion: 

Field activities are tentatively scheduled to begin, barring weather, during the first week of 
March. The weather is the prime factor for not entering the field. High winds with blowing 
dust in the lower elevations and blowing snow in the higher provide the potential to stall all 
efforts for an early start to the sampling season. 

The Environmental Technician position was filled during the latter part of last summer. 
Training is an on-going process for the staff to build capabilities and responsibilities within 
the program. The Environmental Technician position is currently filled by the addition of 
Ms. Dorothy N. Beecher therefore, the scope of the program will grow to encompass all of 
the lands controlled by the Pueblo of Laguna and new land acquisitions as they arise. Off­
reservation sources of water that affect the Pueblo of Laguna are also considered and 
coordinated with State of New Mexico Environment department on these areas. These 
coordination efforts will be on a case-by-case basis. Training on the Multi-Parameter 
Probe started and will continue with each of the rounds of sampling and as the QAPP 
revised. 

All analytical data received from the laboratory has been reviewed and being retrofitted for 
inclusion into the Master Data Base. As mentioned earlier it was discovered that all data 
would require the addition of a Station Location Identifier for inclusion in the Enviro Data 
database. This glitch will be addressed in the revision to the QAPP, which is currently 
being up-dated with the assistance of the Office of Environmental and Technical 
Assistance (OETA) who will provide the QAlQC office position need for the program. All 
associated Physical Parameter data have been archived and site location maps have been 
up-dated to reflect current conditions. 

Pueblo of Laguna 
Environmental & Natural Resources 
Surface Water Monitoring Program 
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Conclusions and Summary: 

This concludes all activities reportable for the first Quarter of FY 2009. 
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Environmental & Natural Resources 
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s ite Analvtical Samplin!:l Location List 

No. Site Name Site 10 

I 
1.0 Rio San .Jose #1 RS.J01 

2.0 Rio San Jose #2 RSJ02 

3.0 Water Canyon #6 WeeDS 

L 
4.0 Rio Paguate #2 RPG02 

5.0 Rio Moqulno #1 RMQ01 

I 
S.O Rio Paguate #3 RPG03 

7.0 Rio Paguate #4 RPG04 

S.O Rio San .Jose #4 RS.J04 

9.0 Rio Puerco #2 RPC02 

10.0 Background #1 BKG01 

11.0 Background #2 BKG02 

·-12.0 Encinal #2 ENC02 

,13.0 Rio San .Jose #3 RS.J03 

14.0 Timber Creek TMB01 

16.0 Water Canyon #1 WCC01 

,"16.0 Water Canyon #3 WCC03 

17.0 Rio Puerco #1 RPC01 

18,0 Rio Puerco #3 RPC03 

: 19.0 Seco Canyon #1 CSC01 

-'20.0 Dripping Spring DSP01 

:·21.0 EnCinal #1 ENC01 

:'''22.0 Rio San .Jose #6 RS.J06 

23.0 Turquoise Soring TSP01 

\24.0 Water Canyon #2 WCC02 

'25.0 Water Canyon #4 WCC04 

26.0 Rio Puerco #4 RPC04 
Kemp Santiago 

;'·27,0 Spring KSP01 

:"28.0 .Jack Wards #1 .JWM01 

"29.0 .Jack Wards #2 .JWM02 

"30.0 Rio Paguate #1 RPG01 
Silver Dollar Ranch 

31.0 #1 SDR01 

'32.0 
Silver Dollar Ranch 

#2 SDR02 

:'·33.0 Rio Salado #1 RSA01 

Pueblo of Laguna 
Environmental & Natural Resources 
Surface Water Monitoring Program 

Latitude Longitude Method 
eeaul. o. 0 a.. 
Nltrogon, Total 

36"03'16.26" 107"32'39.40" Phosphrous 
Fecal/E. COli, Total 

Nitrogen, Total 
36°03'26.60" 107"'32'39.60" Phosphrous 

FecallE. COli, Total 
Nitrogen, Total 

36°03'46.66" 107°31'22.80" Phosphrous 
Fecal/E. Coli, Total 

Nitrogen, Total 
36°10'30.46" 107°26'62.83" Phosphrous 

-.!SO't.IPIC ~ranlum. 
Fecal/E. Coli, Total 

Nitrogon, Total 
36"09'11.81" 107°21'18.67" Phosphorous 

-.!so't.~~~c ,:-,ran~ulTI, 
Fecal/E. Coli, Total 

Nitrogen, Total 
36<>07'08,70" 107°19'68.93" Phosphorous 

IsotlPIC uranium, 
Fecal/E. Coli, Total 

Nitrogen, Total 
36°04'04.26" 107°19'37.11" Phosnhorous 

IsotopiC uranium, 
Fecal/E. COli, Total 

Nitrogen, Total 
34<>66'68.24" 107°06'16.86" Phosphorous 

Physical 
36°20'60.87" 107<>02'32,91" Parameters 

Physical 
36°10'62.46" 107<>34'12.36" Parameters 

Physical 
36"10'28.10" 107°34'21.80" Parameters 

PhySical 
36°10'62.96" 107°28'00.76" Parameters 

Physical 
36°01'13.29" 107<>18'36.99" Parameters 

Physical 
36<>10'06.66" 107<>31'48.73" Parameters 

PhySical 
36<>13'34.62" 107°32'68.66" Parameters 

Physical 
36°12'39.66" 107<>31'12.89" Parameters 

Physical 
36<>27'39.07" 107°07'06.43" Parameters 

PhySical 
36°01'38.98" 106°66'26,92" Parameters 

Physical 
36<>10'07.40" 107°34'12.90" Parameters 

Physical 
34°66'26.80" 107°30'19.46" Parameters 

Physical 
36°11'14.21" 107°28'66.90" Parameters 

Physical 
34°63'38.62" 107°04'11.34" Parameters 

Physical 
34°69'07.47" 107"28'30.83" Parameters 

Physical 
36<>13'19.28" 107°31'14.13" Parameters 

Physical 
36°13'26.92" 107<>31'20.26" Parameters 

Physical 
34<>34'68.92" 106<>69'27.93" Parameters 

Physical 
34°67'04.20" 107°27'06.03" Parameters 

Physical 
34°46'08.36" 107<>34'23.27"' Parameters 

Physical 
34<>41'64.21" 107°33'69.26" Parameters 

Physical 
36°11'38.31" 107°27'10.01" Parameters 

Physical 
36<>11'23.70" 107°26'24.01" Parameters 

Physical 
36°16'03.82" 107<>29'24.02" Parameters 

Physical 
36<>19'23.29" 107°04'13.10" Parameters 
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Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Relocated 

Relocated 

Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Existing 

Now 

Now 

Existing 
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Ambient Toxicity Sampling Schedule 

2009 Ambient TOxicity Testing Schedule for the Pueblo of Laguna 

Location 
WIlIer SImples 

Round I Round 2 RoIIld3 
RPG-G2 1 I 1 
illite 4113120119 6/112009 IIIJI2II09 

RPG-GJ 1 I 1 
Dille 4113120119 6/112009 1If.lI1II09 

wee.ol 1 I I 
Date 4I2tI12OII9 6/112009 8/11I20Il9 

Pueblo of Laguna 
Environmental & Natural Resources 
Surface Water Monitoring Program 

------.... --------:----

Round4 
1 

10I5l2009 
1 

I01!i12OO9 
1 

I01!i12OO9 

Sediment Samples Number 01 Samples per 
Round 1 Round 2 IWIIIIOJ Round 4 LocaIillll 

I 1 WlIIer Sedlnenl 
411312009 MIA 81312011!1 NlA 4 2 

I 1 
411312009 MIA 81312011!1 NlA 4 2 

I 1 
4/2012009 MIA 8/11120119 N/A 4 2 

T oIlII Number of Samples per Yeu 18 

Page 9 2/9/2009 
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Second Quarter Progress Report 

CWA § 106 Water Quality Program 

January 2009-March 2009 

Assistance Agreement No. 1-96676201-0 

Pueblo of Laguna 
Environmental & Natural Resources 
Surface Water Monitoring Program 
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Objective 1: Maintain and Continue to Build Surface Water Quality Program 

Sub Objectives: 

1.1 Provide AdministrativefT echnical Support for Water Quality Program 

1.2 Build, Maintain and Expand Technical Reference Library 

1.3 Build Analytical/Physical Parameter Data Base 

1.4 Discussion 

Related Activities completed during this quarter: 

Sampling for round one began during this quarter, along with physical parameter data 
collection utilizing the YSI Multiparameter Display System (MDS) with Model 6820 multi­
probe compact Sonde for year 2009 and the Ambient Toxicity Sample collection. The 
Pueblo of Laguna re-aligned it fiscal year with the calendar year in 2005 so the Pueblo 
fiscal year policies must be followed. All analytical and physical parameter results are in 
the process of retrofitting for loading into the Enviro Data database. All data will require the 
addition of a Station Location Identification code. These and other sample/data collection 
protocols are addressed in the QAPP QTRAK #08-132 revision, which was submitted in 
February for comment/approval. 

Discussion: 

The CWA § 106 Water Quality Program Year-End Report has been completed and 
submitted. 

The Pueblo of Laguna Tribal Council approved the waving of Indirect Cost for the CWA § 
106 Water Quality Program application for FY 2010 funding, a copy of the Resolution No. 
36-09 is attached. Also attached is a summary of the levels of Isotopic Uranium results. 

Training is an on going process and will be included in work activities as needed for 
refresher and improving job performance. Training maybe done in-house, obtained 
through the Bureau of Indian Affairs (BIA), Indian Heath Service (IHS), OETA, EPA etc., or 
other provider on a no-cost basis for current staff and new staff as added. The addition of 
the Environmental Technician last year has been a tremendous asset to the program. 
Fieldwork could not have been completed without this person, however as the program 
grows and changes to the GAP program assistance continue this position will be required 
on a full time basis not just 50%. 

The Enviro Data software is required for the maintenance and development of the master 
database. It became apparent last quarter during the development of the Year End Report 
that a more effective means of maintaining the database was required. Queries for data 
proved to be a labor-intensive task, which left little to no time for other data QA. The 

Pueblo of Laguna 
Environmental & Natural Resources 
Surface Water Monitoring Program 

Page 2 4/29/2009 



2700036

software is custom built to the specifications set by the Pueblo of Laguna Surface Water 
Quality Program and has the capability to expand to serve all of the Pueblo's 
Environmental programs. The investment of time to set up the parameters for data storage 
will require more training but will be beneficial in the end for the program; data retrieval and 
analysis will become much more addressable. A baseline, for comparison is still under 
development. 

Work on the Technical Reference Library is an ongoing process and is in dire need of 
additional space. Office space is at a premium and is vital that documents housed there 
be readily available when needed. Whenever possible large new documents added are 
stored electronically to save space, however, it is not cost effective or feasible to convert 
old documents to electronic format. The Technical Reference Library continues to grow 
and is at a critical level for space. 

Collection of analytical and physical parameter data for the 2009-2010 sampling year 
began on March 2, 2009. 

Acquisition of ancestral lands of the Pueblo of Laguna is high in priority and as new lands 
acquisitions occur, additional sampling locations well be assessed for addition from these 
areas. 

Objective 2: Develop Program Design for Water Quality Monitoring 

Sub Objectives: 

2.1 Update Quality Assurance Project Plan 

2.2 Discussion 

Related Activities Completed during this quarter: 

The QAPP #08-132 is currently in review and revision for submittal. Start of sampling 
activities under the 2009/2010 sampling rounds will be handled under the previous version 
until updates are received. 

Discussion: 

A revised version of the QAPP QTRAK # 08-132 has been submitted to Region VI for 
approval prior to start of work scheduled to be tentatively for March 2009. Only minor 
changes occurred for this revision. These include the addition of Staff from the Office of 
Environmental and Technical Assistance (OETA) to serve as the Quality Control/Quality 
Assurance (QAlQC) officer. Ms. Margaret Chavez will function as the QAlQC person for 
the Surface Water Quality Monitoring program. 

Pueblo of Laguna ," 
Environmental & Natural Resources 
Surface Water Monitoring Program 
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Objective 3: Implement Basic Water Quality Monitoring Program 
Sub Objectives: 

3.1 Conduct Field Data Collection-Physical Parameters 

3.2Conduct Field Data Collection-Analytical Parameters 

3.3 Discussion 

Related Activities Completed during this quarter: 

Round one for year, 2009 began on March 2, 2009, as did Round 1 collection of Ambient 
Toxicity sample collection. 

Discussion: 

Field activities begin with very few bad weather delays. The weather is the prime factor for 
not entering the field. High winds with blowing dust in the lower elevations and blowing 
snow in the higher provide the potential safety delays for staff. In spite of some severe 
weather, sampling activities started for round one on March 2 with an expected conclusion 
of the round in April. 

Training is an on-going process for the staff to build capabilities and responsibilities within 
the program. The Environmental Technician Ms. Dorothy N. Beecher has been busy with 
program training and the completion of her Associate Degree set for April 2009. This will 
enhance the scope of the program to encompass all of the lands controlled by the Pueblo 
of Laguna and new land acquisitions as they arise. 

Off-reservation sources of water that affect the Pueblo of Laguna are monitored and 
coordinated with State of New Mexico Environment department or neighboring Pueblo's on 
these areas. These coordination efforts will be on a case-by-case basis. Training on the 
Multi-Parameter Probe started and will continue with each of the rounds of sampling and 
as the QAPP revised. 

A meeting tentatively scheduled for April 2009 with the New Mexico Office of the State 
Geologist, New Mexico Bureau of Geology and Mineral Resources, and New Mexico 
Institute of Mining and Technology to further address issues that face the Pueblo of 
Laguna regarding Uranium Mining Legacy issue. The renewed interest in Uranium Mining 
in the Grants Mineral Belt is of great concern for the Pueblo. 

Pueblo of Laguna 
Environmental & Natural Resources 
Surface Water Monitoring Program 
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Conclusions and Summary: 

This concludes all activities reportable for the second Quarter of FY 2009. 

Pueblo of Laguna 
Environmental & Natural Resources 
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Date: 
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PUEBLO OF LAGUNA 
f.O. Box 194 

LAGlJ»:,\, NEW MEXICO 87026 

lilt> (jM .. ·mm· 
l'M .• "/f:c/'t'Mry 
TIw 7,~uM.~r 

!'HJj!Sj;"~5:-I 
I<U-~ {Y}jg'S:J·t)1)·J} 

PUEBLO OF LAGUNA 

a.. .. lution No. 36-09 

Re: ApP""'al on"'.,i.r uflndire<t Co.t for the EPA CWA Section 106 C;ranl 

.Ar.t~uly. called mecting of the Pueblo of I..guna Tribal Council held ollihc ,,;) I. 
day Of{..1'''·,J . 2009. the following "",,,Iution Was adopted. 

W EREAS, the Pueblo of Lng una hIlS a ""sotiated Indirect Cast r.te of39.62% 
and is requirc:d to charge this ratc on contrncl$; and 

WIIEREAS, tho Pueblo ofl.aguna has an liP A CWA So:ction 106 Sralll'pplicatton 
for the period October. I. 2009 t<> September 30. 2010; and 

WHEREAS. th~ EPA CWA St'Ction 106 base funding remained on tho same 
level during the last seve,;,l years llJId IDC mte has risen to the curt"ent rate of 39.62%; and 

WHEREAS, inflation has il1C1'cIDlcd during this same period cre .. ing a diminished 
cash tlnUmnl available for direct c(mtr~ct dol[~ and 

WHEREAS, me En,;ronmcntal Department i. requesting a wai",r 01" IOC dUll'll'" 
10 this grant period S<J that dirc<:t program operalions are not adversely impacted by the high 
I DC rare and I" aUow more direct fundi1l.\l to nssist in meeting the proposed "'''pc oj"wQrk 
and all grant rcquiremcnL'; llJId 

WHEREAS, the fllliUlCC stalfha.~ reviowed .he !lI'int application summary fom> 
which included th. waiver "r IDC and lUI> identified the Tlibal O",rhead Budget •• the 
source to offSl)I the shortf;dl due to the waiver oflOC. 

NOW, TlIERFORE, B.; IT tu:SOLVEO,!hut the Tribal Council approve.th. 
w.iv", uf IDC tor EPA C\VA Section 106 grant and funding period ofO"t"ber 1. 2009 to 
September 20, 2010. 

8E IT FURTII£R RESOLVED, that tlte Treasurer and (1'0 arc dilttlCd and 
aUlhori,.<d t" charge dIe .",OUIll (}f IOC waived ,md''flhis grant ." the Tribal Overhead 
Budyel 

Pueblo of Laguna Page? 4/29/2009 
Environmental & Natural Resources 
Surface Water Monitoring Program 
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RCOQluliou NO>. 36-09 

BE IT FURTHER RESOLVED, that the Govol11or is directed and aUlhori,,,,d to 
take aU oolion$'l""'~ary to submil the application and to carry oUllhe """pe ~r work os 
app<oved by the funding sourc;:. 

ATTF$T: 

CERTIFICATION 

The foregoing I.~lution was enacted upon by the Puehlo of laguna Tribal Council 

on the ,;J I da~' of tr,;...! . 2009. by a vote of pc:) for and,~~ 
0rposed, at a duly c;;lUed ~1i'8 at which. quorum ofthc Council was present. 

Pueblo of Laguna 
Environmental & Natural Resources 
Surface Water Monitoring Program 
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RPG-02 

RPG-022 

RPG-03 

RPG-033 

RPG-04 

RPG-044 

RSJ-03 

RSJ-033 

RSJ-04 

RSJ-044 

RPC-04 

Pueblo of Laguna 
Environmental & Natural Resources 
Surface Water Monitoring Program 
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I£G£ND: 

RPG.oZ 
RPG.on 
RPG.o3 
RPG.o33 
RPG.o4 
RPG.o44 
RSHI3 
RSJ.o33 
RSJ1I4 
RSJ-lI44 
RPC-lI4 

Rio Paguate above the former Jackpile mine 
Duplicate sample of RPG'{)Z 
Rio Paguate below the former Jad<piie mine 
Duplicate sample of RPG'{)3 
Rio paguate at Mesita Dam 
Duplicate sample of RPG-lI4 
Rio San Jose at Mellill bridge 
Duplicate sample of RSJ'{)3 
Rio San Jose below the Dipping VatSpnngon Sedillo Gr.ant 
Duplicate sample ofRSJ'{)4 
Rio PUertO below confluence point wilh Rio San Jose 

Isotopic Uranium tested: U-234, U-235, U-238 
Total Uranium: Total U" U-Z34 + U-235 t U-Z38 . 

Nodala on some rounds means !hal either there was not enough water 10 coHectthe sample or the samplingwcatiol1 waHemoved from the list due to the limited fllnding. 

laboratories used for the tadlological data analvsis were as follows: 
• American Radiological Servfcesf0l200S, 2006, and ZOO) 
- Eberline laboratories wbcontracted b.V the Assaigai Anillyticallaboratorles for 2008 

NOTICES: 

1. (lean Water Act (CWA) does not have isotopic uranium standardsfofwnaCll water. 
Z. Under Safe Drinking Waler Act lSOWA) Maximum Contaminant Level (Met) for Isotopic Uranium in Potable Water "30mia'ograml/lfter 
3. Numbels mark in nlll indicate tnerewlts above the Metfot potable water. 

Pueblo of Laguna 
Environmental & Natural Resources 
Surface Water Monitoring Program 
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Third Quarter Progress Report 

CWA § 106 Water Quality Program 

April 2009-June 2009 

Assistance Agreement No. 1-96676201-0 
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Objective 1: Maintain and Continue to Build Surface Water Quality Program 

Sub Objectives: 

1.1 Provide AdministrativelTechnical Support for Water Quality Program 

1.2 Build, Maintain and Expand Technical Reference Library 

1.3 Build Analytical/Physical Parameter Data Base 

1.4 Discussion 

Related Activities completed during this quarter: . 

Sampling for round one and two have been completed, along with physical parameter data 
collection utilizing the YSI Multiparameter Display System (MDS) with Model 6820 multi­
probe compact Sonde for year 2009 and the Ambient Toxicity Sample collection. The 
Pueblo of Laguna re-aligned it fiscal year with the calendar year in 2005 so the Pueblo 
fiscal year policies must be followed. All analytical and physical parameter results are in 
the process of retrofitting for loading into the Enviro Data database. This process will 
continue into the future with new physical data collected with the YSI since it only allows 
for a 5-digit identifier. All data will require the addition of a Station Location Identification 
code. These and other sample/data collection protocol modifications have been identified 
in the QAPP QTRAK #08-132 revision, submitted in February for comment/approval. 

Discussion: 

Training is an ongoing process and will be included in work activities as needed for 
refresher and improving job performance. Training maybe done in-house, obtained 
through the Bureau of Indian Affairs (BIA), Indian Heath Service (IHS), OETA, EPA etc., or 
other provider on a no-cost basis for current staff and new staff as added. The addition of 
the Environmental Technician last year has been a tremendous asset to the program. 
Fieldwork could not have been completed without this person, however as the program 
grows and changes to the GAP program assistance continue this position will be required 
on a full time basis not just 50%. 

The Enviro Data software is required for the maintenance and development of the master 
database. It became apparent last quarter during the development of the Year End Report 
that a more effective means of maintaining the database was required. Queries for data 
proved to be a labor-intensive task, which left little to no time for other data QA. The 
software is custom built to the specifications set by the Pueblo of Laguna Surface Water 
Quality Program and has the capability to expand to serve all of the Pueblo's 
Environmental programs. The investment of time to set up the parameters for data storage 
will require more training but will be beneficial in the end for the program; data retrieval and 
analysis will become much more addressable. A baseline, for comparison is still under 
development. 

Pueblo of Laguna 
Environmental & Natural Resources 
Surface Water Monitoring Program 
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Work on the Technical Reference Library is an ongoing process and is in dire need of 
additional space. Office space is at a premium and is vital that documents housed there 
be readily available when needed. Whenever possible large new documents added are 
stored electronically to save space, however, it is not cost effective or feasible to convert 
old documents to electronic format. The Technical Reference Library continues to grow 
and is at a critical level for space. 

Acquisition of ancestral lands of the Pueblo of Laguna is high in priority and as new lands 
acquisitions occur, additional sampling locations well be assessed for addition from these 
areas. 

Objective 2: Develop Program Design for Water Quality Monitoring 

Sub Objectives: 

2.1 Update Quality Assurance Project Plan 

2.2 Discussion 

Related Activities Completed during this quarter: 

The QAPP #08-132 is currently in review and revision for submittal. Start of sampling 
activities under the 2009/2010 sampling rounds will be handled under the previous version 
until updates are received. 

Discussion: 

A revised version of the QAPP QTRAK # 08-132 has been submitted to Region VI for 
approval prior to start of work scheduled to be tentatively for March 2009. Only minor 
changes occurred for this revision. These include the addition of Staff from the Office of 
Environmental and Technical Assistance (OETA) to serve as the Quality Control/Quality 
Assurance (QAlQC) officer. Ms. Margaret Chavez will function as the QAlQC person for 
the Surface Water Quality Monitoring program. 

Objective 3: Implement Basic Water Quality Monitoring Program 
Sub Objectives: 

3.1 Conduct Field Data Collection-Physical Parameters 

3.2Conduct Field Data Collection-Analytical Parameters 

3.3 Training 

3.4 Discussion 

Pueblo of Laguna 
Environmental & Natural Resources 
Surface Water Monitoring Program 
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Related Activities Completed during this quarter: 

Rounds 1 and 2 analytical and physical parameter data collection is completed for year, 
2009. As have Rounds 1 and 2 collection of Ambient Toxicity samples. 

Discussion: 

Field activities begin with very few bad weather delays. The weather is the prime factor for 
not entering the field. High winds with blowing dust in the lower elevations and blowing 
snow in the higher provide the potential safety delays for staff. Hot weather is now the 
prime factor to deal with in fieldwork, heat stress and heat stoke are every present dangers 
with the high temperatures. The physical demands of fieldwork has been taken into 
account stressful activity is slowed to allow staff to become exhausted and subject to heat 
stress or stoke, plenty of fluids are consumed while in the field. More snakes have been 
encountered during the second round of field activities but no bites have occurred staff 
keeps a watchful eye for poisonous and non-poisonous snakes while in the field near any 
source of water as this environment attracts the rodents on which they feed. 

Training is an on-going process for the staff to build capabilities and responsibilities within 
the program. Both Mr. Curtis L. Francisco and Ms. Dorothy N. Beecher attended the 
Surface Water Monitoring Seminar in Bandera, Texas and the Water Quality Academy in 
Arlington Virginia during this quarter. The knowledge gained at these trainings will assist 
the staff in better understanding all aspects of program operations; this will enhance the 
scope of the program to encompass all of the lands controlled by the Pueblo of Laguna 
and new land acquisitions as they arise. 

Off-reservation sources of water that affect the Pueblo of Laguna are monitored and 
coordinated with State of New Mexico Environment department or neighboring Pueblo's on 
these areas. These coordination efforts will be on a case-by-case basis. Training on the 
Multi-Parameter Probe started and will continue with each of the rounds of sampling and 
as the QAPP revised. 
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3 

Introduction 
 
This report is the culmination of the four rounds of sampling, three quarterly reports and the efforts of 

work done under the Pueblo of Laguna Clean Water Act § 106 Surface Water Quality Monitoring 

Program.   

 

The Pueblo of Laguna (KA-WAIKA-MAH) is a federally recognized Indian Tribe located in West-Central 

New Mexico on the Colorado Plateau.  The Pueblo is one of the 19 federally recognized Pueblos in the 

state.  The name of the Laguna Pueblo People is derived from the Spanish word for Lake (Lagoon).  As 

well, the name in the Keresan language is KA-WAIKA-MAH and the literal translation is “people from the 

lake” or “people of the lake”.  The Laguna People have always been farmers both dry land and irrigation, 

and livestock tenders but most of all, we prize the human attribute of thought.  KA-WAIKA was the first of 

the Pueblos to adopt a written Constitution in 1908.  This constitution was replaced under the Indian 

Reorganization Act of 1934, revised in 1958, and amended once again in 1984.   

 
Laguna Reservation lands comprise approximately 550,000 acres in Trust and approximately 150,000 

acres of State and Bureau of Land Management tracts for a total of nearly 700,000 total, situated within 

four New Mexican counties; Cibola, Valencia, Bernalillo and Sandoval.  There are six main villages within 

the reservation boundaries: Seama (TSE-AH-MAH) (the western-most), Paguate (GWEE-STCHGEE), 

Encinal (BUU-NEE-GUY-AH), Paraje (TSE-MUU-NAH), Laguna (KA-WAIKA), and Mesita (HAA-TSAH-

DTH) (the eastern-most).  There are also several sub-divisions and scattered homes between the main 

villages.  “The Village of Laguna is, and shall continue to be, the Capital of the Pueblo of Laguna”,1 which 

is located approximately 55 miles west of Albuquerque on Interstate-40.   

 

The lithological setting of the Pueblo of Laguna Indian reservation is distinctive and the landscapes are 

commonly a complex response to variations in rock types and to primary and secondary structures within 

the units.  Secondary structures are heavily influenced by diastrophic and exogenic processes.  The 

deformation, uplift, doming, volcanism and at times intense lateral deformation produce large-scale 

secondary structures that respond to geomorpholoigical processes in complex variations which create our 

distinctive terrain.  Lithological controls over landforms produce a large number of variations and these 

variations may be associated with a wide range of discrete regions that can be identified from distinctive 

outcrops of a few square meters to uniformativity over hundreds of square kilometers.  It is important of 

recognize some of the major geomorphic features associated with arenaceous, argillaceous, calcareous, 

igneous, and metamorphic rocks.  These will impact the rate of weathering which are related to the rates 

at which weathered material is removed from its location of break-up to deposition and influence 

infiltration, percolation, permeability, and porosity.  As well surface water, shallow groundwater and 
                                                      
1 Pueblo of Laguna, Constitution of the Pueblo of Laguna, June 6, 1984, page4 
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medium to deep ground water respond accordingly.  Weathering is an unfixed mix of both chemical and 

mechanical processes.  All these factors impact fluid movements.  A liquid is transported thorough open 

channels where the flow is confined and although the depth, velocity, and flow in the channel can be 

measured the study can be rendered hazardous in arid and semi arid climates. Uplift mechanisms can be 

categorized for purposes of simplicity as eustatic, isostatic, tectonic and orogenic.  These mechanisms 

are all factors in the development of drainage basins and stream channels.  Denudation chronology, 

direct observation and measurement, mathematical simulations and application of the ergodic hypothesis 

are some of the methods used to try to visualize the long-term evolution of the landforms.  Morphgenetics 

are important to consider regarding questions concerning climatic geomorphology. The morphometrics 

portions are greatly impacted by climatic influences.  These influenced may either be directly related 

through precipitation intensity or indirectly through vegetation. The morphogenetic region in which the 

Pueblo of Laguna is located is classified as Semi-Arid to Arid.  The geomorphic processes associated 

with this region are listed as follows: 

 

• Frost Weathering (minimal except at higher latitudes) 

• Mechanical Weathering (minimal to moderate, especially thermal and salt) 

• Chemical Weathering (minimal to moderate) 

• Mass Wasting (moderate but infrequent) 

• Fluvial Processes (Maximum but episodic in the form of sheet wash, gullying and ephemeral 

stream action giving high overall erosion rates) 

• Glacial Scour (nil) 

• Wind Action (Moderate to Maximum) 

 

The morphological features associates with this region are listed as follows: 

 

• Pediments (1˚ to 4˚) 

• Cliffs and angular talus slopes (25˚ to 35˚) 

• Inselbergs 

• Integrated ephemeral stream systems 

• Arroyos 

• Badlands 

• Alluvial fan 

• Local dunes 

 

The following diagram was first demonstrated by Hjulström, which was elaborated by Sundborg (1956) 

which relates critical velocity to the sediment size at which erosion of sedimentary particles will begin for 

both wind and water. 
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Potable and non-potable water is in very limited supply at the POL, making it a highly valuable resource. 

Drinking water comes from its shallow surficial aquifers, drinking water wells are screened in the shallow 

alluvial aquifers along surface water pathways with one exception.  The Village of Encinal uses surface 

water collected from springs in the Encinal Canyon which infiltrates from surface water through at least 

two basalt units and possibly sandstone prior to use.  This source is currently being used to improve the 

quality of the valley system which is degraded.   Therefore, the POL’s drinking water aquifers and supply 

system is vulnerable to contamination from surface sources.  There are two primary watersheds that drain 

the POL lands: the Rio Puerco and the Rio San Jose.  The Rio San Jose drains from the west towards 

the east, joining up with the Rio Puerco, which drains from the north towards the south.  The Rio Puerco 

then goes on to a confluence with the Rio Grande.  Together, the Rio San Jose and the Rio Puerco form 

a part of the Rio Grande basin.  The Rio Puerco is one of the main tributaries of the Rio Grande, entering 

the river near Bernardo, New Mexico.  It supplies more than 70% of the suspended sediment entering the 

Rio Grande above Elephant Butte reservoir. The Pueblo’s lands are in the eastern and central portions of 

these watersheds. 

 

The U.S. EPA’s Index of Watershed Indicators classifies the POL’s watersheds as having “More Serious 

Problems – Low Vulnerability to Pollutant Stressors”, and assigns the watersheds a score of 5 on a scale 
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of 1-10.  The problems stem primarily from erosion, loss of riparian vegetation, intrusion of non-native 

species (i.e. Salt Cedar) and high sediment loads.  However, there are a few possibilities for the 

discharge of pollutants.  There have been no fish advisories for these watersheds.  A uranium mine on 

the Pueblo has been mostly reclaimed.  However, discharges from this mine, as well as from similar 

mines and mills upstream of the POL, could have affected the Pueblo’s watersheds.  Currently, there are 

two regulated point source effluent dischargers, one on the Rio San Jose at the Dancing Eagle Casino 

and on the Rio Puerco at the Route 66 Casino.  There is always the likelihood of spills and accidental 

releases on the U.S. Interstate Highway 40 and Railroad systems, which bisect the POL’s lands. 
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Physical and Analytical Parameters Locations 
The Pueblo of Laguna Water Quality Specialist, Environmental Director, Environmental Specialist, 

Environmental Technician, and two Pueblo member students in the Santa Fe Indian School I-TEST 
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program collected four rounds of analytical samples and bi-monthly physical parameter data for 30 sites 

on the POL lands.  The locations are summarized in the following table. 

No. Site Name Site ID Latitude Longitude Analytical Method Classification Area of the 
Reservation

1.0 Rio San Jose #1 RSJ01 35°03'15.26" 107°32'39.40"
Fecal/E. Coli, Total 

Nitrogen, Total 
Phosphrous

Existing Reservation Proper

2.0 Rio San Jose #2 RSJ02 35°03'25.50" 107°32'39.60"
Fecal/E. Coli, Total 

Nitrogen, Total 
Phosphrous

Existing Reservation Proper

3.0 Water Canyon #5 WCC05 35°03'45.56" 107°31'22.80"
Fecal/E. Coli, Total 

Nitrogen, Total 
Phosphrous

Existing Reservation Proper

4.0 Rio Paguate #2 RPG02 35°10'30.46" 107°26'52.83"
Fecal/E. Coli, Total 

Nitrogen, Total 
Phosphrous

Existing Paguate Purchase

5.0 Rio Moquino #1 RMQ01 35°09'11.81" 107°21'18.57"

Isotipic Uranium, 
Fecal/E. Coli, Total 

Nitrogen, Total 
Phosphorous

Existing Paguate Purchase

6.0 Rio Paguate #3 RPG03 35°07'08.70" 107°19'58.93"

Isotipic Uranium, 
Fecal/E. Coli, Total 

Nitrogen, Total 
Phosphorous

Existing Paguate Purchase

7.0 Rio Paguate #4 RPG04 35°04'04.25" 107°19'37.11"

Isotipic Uranium, 
Fecal/E. Coli, Total 

Nitrogen, Total 
Phosphorous

Existing Paguate Purchase

8.0 Rio San Jose #4 RSJ04 34°55'58.24" 107°06'16.86"

Isotopic Uranium, 
Fecal/E. Coli, Total 

Nitrogen, Total 
Phosphorous

Existing Sedillo Grant

9.0 Rio Puerco #2 RPC02 35°20'50.87" 107°02'32.91" Physical Parameters Existing Montano Grant

10.0 Background #1 BKG01 35°10'52.45" 107°34'12.36" Physical Parameters Relocated Seco Canyon

11.0 Background #2 BKG02 35°10'28.10" 107°34'21.80" Physical Parameters Relocated Seco Canyon

12.0 Encinal #2 ENC02 35°10'52.96" 107°28'00.76" Physical Parameters Existing Paguate Purchase

13.0 Rio San Jose #3 RSJ03 35°01'13.29" 107°18'35.99" Physical Parameters Existing Reservation Proper

14.0 Timber Creek TMB01 35°10'05.65" 107°31'48.73" Physical Parameters Existing Mt. Taylor Ranch

15.0 Water Canyon #1 WCC01 35°13'34.52" 107°32'58.55" Physical Parameters Existing Mt. Taylor Ranch

16.0 Water Canyon #3 WCC03 35°12'39.56" 107°31'12.89" Physical Parameters Existing Mt. Taylor Ranch

17.0 Rio Puerco #1 RPC01 35°27'39.07" 107°07'06.43" Physical Parameters Existing Sanchez/Major's 
Ranch

18.0 Rio Puerco #3 RPC03 35°01'38.98" 106°56'26.92" Physical Parameters Existing Sedillo Grant

19.0 Seco Canyon #1 CSC01 35°10'07.40" 107°34'12.90" Physical Parameters Existing Seco Canyon

20.0 Dripping Spring DSP01 34°55'26.80" 107°30'19.46" Physical Parameters Existing Reservation Proper

21.0 Encinal #1 ENC01 35°11'14.21" 107°28'56.90" Physical Parameters Existing Paguate Purchase

22.0 Rio San Jose #5 RSJ05 34°53'38.52" 107°04'11.34" Physical Parameters Existing Reservation Proper

23.0 Turquoise Spring TSP01 34°59'07.47" 107°28'30.83" Physical Parameters Existing Reservation Proper

24.0 Water Canyon #2 WCC02 35°13'19.28" 107°31'14.13" Physical Parameters Existing Mt. Taylor Ranch

25.0 Water Canyon #4 WCC04 35°13'25.92" 107°31'20.25" Physical Parameters Existing Reservation Proper

26.0 Rio Puerco #4 RPC04 34°34'58.92" 106°59'27.93" Physical Parameters Existing Sedillo Grant

27.0 Kemp Santiago 
Spring KSP01 34°57'04.20" 107°27'06.03" Physical Parameters Existing Reservation Proper

28.0 Jack Wards #1 JWM01 34°45'08.35" 107°34'23.27" Physical Parameters Existing Jack Wards Mesa

29.0 Jack Wards #2 JWM02 34°41'54.21" 107°33'59.26" Physical Parameters Existing Jack Wards Mesa

30.0 Rio Salado #1 RSA01 35°19'23.29" 107°04'13.10" Physical Parameters Existing Armjilo Ranch
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Methodology 
 

Analytical Sample Collection 
 
The methodology used by the POL staff in collection and physical parameter monitoring includes the 

following: 

 

1. Peristaltic Pump with poly and silicone tubing 

2. YSI 650 Multiprobe system with 6820 Multiparameter Sonde  

3. YSI 6160 Flow Cell 

4. Latex Gloves and other PPE 

5. Coolers for sample collection  

6. Ice for sample preservation and drink/food ice chest cooling 

7. Pruning sheers and various hand tools 

8. 5 lb sledge hammer 

9. 4 wheel drive vehicle 

 

An analytical laboratory was contracted for the analytical portions, which include the following: 

• Isotopic Uranium (U238, U235 and U234) 
• Total Nitrogen which includes 

o Ammonia 
o Total Kjehdahl Nitrogen 
o NO2 (Nitrite) and NO3 (Nitrate) 

• Total Phosphorous 
• Fecal/E. Coli 

 

The laboratory was tasked with providing all sample containers, preservatives, coolers chains-of-custody 

forms and receipt of samples by the laboratory was done on Pueblo land.  The sampling procedures 

identified in the Quality Assurance Project Plan (QAPP) QTRAK #08-132 approved February 2008 were 

followed with the exception of submerging the sample container in the water body.  As can be observed 

from the previous site photographs it is not possible to submerge a sample container in most water 

bodies present on the Pueblo of Laguna Indian lands.  Dipping of samples using a sterile disposable 

container was not appropriate.  This action disturbed the sediment in the bed of the stream; therefore, a 

peristaltic pump was used in the collection of most surface water samples.  The use of the peristaltic 

pump also allowed for the use of an inline 0.45 micron filter where required for field filtering.  All samples 

collected for this year are for inorganic analysis therefore the use of the poly tubing will not affect the 

data, however as time progress and different analysis are required, Teflon tubing will be used which will 

not affect semi volatile or volatile organic analysis. 
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Physical Parameters 
 
Surface water will be monitored for the following parameters: 

• Flow rate, noted as presence or absence of water with detectable flow  

• Dissolved Oxygen in percent and mg/L,  

• Atmospheric pressure in Atmospheres,  

• Temperature in degrees C,  

• pH,  

• Specific Conductance in mS/cm,  

• Conductance in mS/cm, 

• Resistivity in KOhm/cm, 

• Oxidation Reduction Potential in mV,  

• TDS in g/L 

• Salinity in ppt 

• Turbidity in NTU, 

 

Attempted have been made to monitor locations on a bi-monthly basis, which has proved to be difficult 

given sample location dispersion, weather conditions and distance to each location.  Sample collection 

for physical data parameters and/or analytical has proven to be non-feasible during late fall, winter and 

early spring months. The locations at high elevations are inaccessible due to snow and most water is 

frozen. The lower elevation locations are only accessible during later afternoon thawing but limited 

daylight make the return trip in the dark and dangerous.  The following graphic show the elevation of all 

30 sampling locations in feet above sea level the miles were from point to point on the map.  Since the 

locations are not in a straight liner progression it was not possible to map them in this fashion, nor was it 

possible to map them in actual miles from point to point road miles. The sample location map is located 

in the Discussion section of this report. 

 

Ambient Toxicity Sample Collection 
 
Ambient Toxicity testing is provided by U.S. EPA Region 6 at not cost to the Pueblo of Laguna, however 

the Pueblo must pay for containers, coolers, ice, bags, and shipping costs. Ambient Toxicity is considered 

most useful when utilized in concert with a comprehensive suite of physical, chemical and biological 

indicators, as a diagnostic tool where water quality problems have been identified by other indicators, and 

as a complement to biological assessment to determine whether or not previously identified toxicity 

problems have been eliminated.  In addition to the following: (1) known or suspected toxicity and 

supporting information, (2) proposed uses of toxicity data for 305(b) and, in particular, 303(d) 

assessments, (3) past utility of toxicity data, and/or (4) proposed chemical analyses and/or toxicity 

identification evaluations (TIEs) in the event of recurring toxicity.  EPA will conduct a 96-hour acute tests 
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for test organisms Ceriodaphnia dubia and Pimephales promelas (see “Methods for Measuring the Acute 

Toxicity of Effluents and Receiving Waters to Freshwater and Marine Organisms, Fifth Edition”,  EPA-

821-R-02-012, October 2002.  In cases where recurrent toxicity in water or sediment has occurred in a 

water body, it is recommend that a more intensive chemical analyses and/or TIEs be conducted.  Special 

assistance from EPA Houston Lab may be available for chemical analyses if the Tribe does not have lab 

capability or resources to conduct such analyses.   

 

Sample Distribution and Physical Parameter Data 
 

 
 

This location specific data takes into consideration areas where sewage lagoons are located close to 

surface water bodies and where the potential for impact is greatest.  Data from suspect locations will not 

be included in the “background” database. Background location had been chosen in areas where very 

limited impact from human activity is possible and wildlife and geologic setting are the defining factors. 

 

Physical parameter data collection as identified in the QAPP, is to be collected on a bi-monthly basis, 

however this has proven to be problematic.  Many locations are not accessible at all times and those with 

cultural/religious uses are not accessible during these types of functions.  Weather is a major factor in 

determining access to a location.  Hot summer days and high evapotransporation rates diminish flow in 

shallow surface water bodies to damp soil in many of the locations; however, these locations are 
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important and are retained as locations.  These conditions are noted and recorded in the logbook and 

noted in the Quarterly Progress Reports. 

 

When ever possible physical parameters and analytical sample collection are combined to save time and 

improve field efficiency.   
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